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NORTHROP NORAIR

ABSTRACT

This study is presented in three volumes:

Volume I- Airplane Specification for Northrop N-309 NASA V/STOL Jet

Operations Research Airplane (NASA CR-66417)

Volume II- Airplane Specification for Northrop Modified T-39A NASA

V/STOL Jet Operations Research Airplane (NASA CR-66418)

Volume III- Substantiating Technical Data (NASA CR-66419)

These reports provide a preliminary design description of a new and modified
V/STOL jet operations research airplane. This preliminary design was conducted by
Northrop Norair during Part HI of Contract NAS1-6777, "Jet V/STOL Operations
Research Airplane Design Study. "
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NORTHROP NORAIR

I.0 STUDY PART III CONFIGURATIONS

The final study configurations are presented on the following pages. In addition

to the basic general arrangement drawings, the inboard profile, cockpit arrangement,

and visibility diagrams are shown for the new (N-309) and modified (T-39A) vehicles.

N-309 Drawings :

AD-4486

AD-4513

AD-4433B

AD-4434B

Diagram

General Data

General arrangement

Inboard profile

Front cockpit arrangement

Rear cockpit arrangement

Visibility (front and rear seat)

Modified T-39A Drawings :

AD-4448

AD-4512

AD-4517

Diagram

General Data

General arrangement

Inboard profile

Cockpit arrangement

Visibility (right and left hand seat)

1-1
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N-309 AIRPLANE

The N-309 as shown in Figure 1-1, drawing AD-4486 (A CHG. ), has seven lift

engines in the fuselage and two lift/cruise engines mounted in nacelles. The position

of the aft lift engine provides adjacent space to divert the lift/cruise exhaust through

the body for the composite lift mode. This feature provides a versatile bay for instal-

lation of an additional lift engine by removing the lift/cruise diverted exhaust system

and remounting the centerline lift engine to make room for the second lift engine re-

quired for the direct lift mode of flight.

1-2
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GENERAL DATA - N-309

AREAS

Wing Area Total (Theoretical}
Including Aileron and Flap

Wing Trailing Edge Flap Area

Wing Leading Edge Flap Area

Aileron Area Aft of Hinge Line

Horizontal Tail Area Total

Exposed

Vertical Tail Area Total

(Theoretical, not Including Dorsal)

Rudder Area Aft of Hinge Line

DIMENSIONS AND GENERAL DATA

Wing

Span (Maximum)

Theoretical

Chord

At Root

At Construction Tip

Mean Aerodynamic

Airfoil Section

At Root

At Tip

Incidence Degrees

Sweepback at 257o Chord Degrees

Dihedral Degrees

Aspect Ratio

Taper Ratio

Ailerons

Span

Chord/Wing Chord

1-9
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210 Sq. Ft.

23.2 Sq. Ft.

23.2 Sq. Ft.

8.8 Sq. Ft.

66.6 Sq. Ft.

45 Sq. Ft.

48 Sq. Ft.

10.6 Sq. Ft.

36.8 Ft.

35.5 Ft.

101.5 In.

40.6 In.

75.3 In.

NACA64A013

NACA64A012

0°

2O°

0 °

6

.40

4.25 Ft.

2570



Flap Trailing Edge

Span

Chord/Wing Chord

Flap Leading Edge

Span

Chord/Wing Chord

Horizontal Tail

Span

Chord

Root

Tip

Mean Aerodynamic

Airfoil Section

Sweepback at 25% Chord Degrees

Dihedral Degrees

Aspect Ratio

Taper Ratio

Vertical Tail

Span

Chord

Root

Tip

Mean Aerodynamic

Airfoil Section

Sweepback at 25% Chord Degrees

Aspect Ratio

Taper Ratio

GENERAL

Height Above Ground Over Highest
Fixed Part of Aircraft

All Wheels in Contact

Length, Maximum

Distance From Wing Mac Quarter Chord
Point to Horizontal Tail Mac Quarter
Chord Point

1-10
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8 Ft.

25%

11.3 Ft.

20%

15.7 Ft.

78.5 In.

24 In.

48 In.

NACA64A010

27 °

-10o30 '

3.7

• 30

7.6 Ft.

117 In.

35 In.

83In.

NACA64A010

4O°

1.2

• 30

15Ft. 4In.

55Ft. 7In.

180 In.
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NORTHROP NORAIR

N-309 INBOARD PROFILE

The N-309 inboard profile drawing, AD-4513 (Figure 1-2), presents the internal

arrangement for all major components including the crew stations. The position of

the engines, both lift/cruise and lift, the fuel system, landing gear, reaction control

and primary flight control system, equipment space and subsystems are indicated in

the detailed profile and cross-sections of the vehicle. This layout establishes the fact

that sufficient fuselage volume is available to meet systems installation requirements.

1-4
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Distance From Wing Mac Quarter
Chord Point to Vertical Tail Mac

Quarter Chord Point

Angle Between Reference Line and Wing
Zero Lift Line (All Surfaces Neutral)

Ground Angle, All Wheels Contact, Static

Max. Tail Down Static

Wheel Size (Rim Diameter)

Main Wheel

Nose Wheel

Tire Size

Main Wheel

Nose Wheel

Tread of Main Wheels

Wheel Base

Vertical Travel of Axle From Extended

to Fully Compressed Position

Main Landing Gear

Nose Landing Gear

189 In.

0 °

1°30 '

12 °

ii. In.

8. In.

22 x 8.5-11 Type VIII
14 Ply Rating

18 x 5.5 Type VII
8 Ply Rating

194 In.

206 In.

19.25 In.

20 In.

CONTROL MOVEMENT AND CORRESPONDING CONTROL SURFACE MOVEMENTS

Nominal control surface and control movement on each side of neutral position

I
I

I
I

I
I
I

for full movements as limited by stops shall be as follows.

Rudder

Rudder Pedals

Horizontal Stabilizer

Horizontal Stabilizer Control

Ailerons

Aileron Control

Wing Flap

Trailing Edge

Leading Edge

I-ii

+25 °

+3.5 Inches Forward
m

and Aft

25 ° up 15 ° down

6 In. Aft 4 In. Forward

20 ° up 20 ° down

4.25 In. Right or Left

40 ° Total

25 ° Total
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MODIFIED T-39A AIRPLANE

The selected arrangement for the Mod T-39A configuration, as shown in Figure

1-6 (Drawing AD-4448), has an extended fuselage to facilitate the installation of eight

lift engines for composite flight or ten lift engines for flight in a direct lift mode. The

lift/cruise engines used in the composite mode are mounted in nacelles. However, the

exhaust is directed down through the nacelle, external to the fuselage. A protective

shield is placed about the main gear tire due to the lift engine exhaust temperatures.

The reaction control system consists of two ducts external to the body to efficiently

utilize the space available in the fuselage to meet other equipment requirements.

1-12
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NORTHROP NORAIR

MOD T-39A INBOARD PROFILE

The internal arrangement of the modified T-39A is presented in the inboard pro-

file drawing AD-4512 (Figure 1-7). The original T-39A airplane is altered to develop

the required internal volume for lift engines, equipment and subsystems. The lift

cruise engine nacelles are relocated over the trailing edge of the wing and are also

used to stow the A-4E main landing gear. The original side-by-side arrangement in

the cockpit is the same, however due to the installation of ejection seats changes are

required to the canopy and fuselage structure. New instrument panels and consoles

are also necessary. The fuel system and reaction control plumbing are shown in the

profile and the section. None of the original T-39A subsystems can be retained without

modification.

1-14
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GENERAL DATA - MOD. T-39A

AREAS

Wing Area Total (Theoretical)
Including Aileron and Flap Area

Wing Flap Total

Wing Slats Total

Aileron Area Aft of Hinge Line Total

Horizontal Tail Area, Total

Vertical Tail Area Total

Not Including Dorsal

Rudder, Aft of Hinge Line

342

39.5

36.34

16.42

77

41.58

8.95

Sq. Ft.

Sq. Ft.

Sq. Ft.

Sq. Ft.

Sq. Ft.

DIMENSIONS AND GENERAL DATA

Wing

Span Maximum

Theoretical

Chord

At Root

At Construction Tip

Mean Aerodynamic

Airfoil Section

At Root

At Tip

Incidence

At Root

At T ip

Sweepback at 25% Chord

Dihedral

Aspect Ratio

Taper Ratio

Ailerons

Span (each)

Chord/Win_ Chord

1-18

45.73 Ft.

44.43 Ft.

139.86 In.

44.91 In.

100.6 In.

64A Series (NAA Mod. ) II. 3 Pct

64A Series (NAA Mod. )9.36 Pct

0 Degree

_2054 '

28033 '

3009 '

5.77

.32

87.28 In.

.20
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Slats

Span (each)

Chord (mean)

Flaps

Span (each)

Chord/Wing Chord

Horizontal Tail

Span

Chord

At Root

At Tip

Mean Aerodynamic

Airfoil Section

Sweepback at 25% Chord

Dihedral

Aspect Ratio

Taper Ratio

Vertical Tail

Span

Chord

Root

Tip

Mean Aerodynamic

Airfoil Section

Sweepback

Aspect Ratio

Taper Ratio

GENERA L

Height Above Ground Over Highest
Fixed Part of Aircraft

Length Maximum

Distance From Wing Mac Quarter Chord
Point to Horizontal Tail Quarter Chord

Distance From Wing Mac Quarter Chord
Point to Vertical Tail Quarter Chord

1-19
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178.2 In.

14.72 In.

98. In.

.281

17.55 Ft.

81.22 In.

24.37 In.

58 In.

NACA64A010 (Mod)

3O°

0°

4.0

.33

99 In.

100 In.

29 In.

67.5

NACA63A010 Mod.

3O°

1.5

.30

17.2 Ft.

55Ft. 6In.

207.8 In.

202.7 In.
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Ground Angle, All Wheels Contact Static

Max Tail Down Static

Wheel Size (Rim Diameter)

Main Wheel

Nose wheel

Tire Size

Main Wheel

Nose Wheel

Tread of Main Wheels

Wheel Base

Vertical Travel of Axle From Extended

to Fully Compress Position

Main Landing Gear

Nose Landing Gear

1 °

16030 '

12 In.

8In.

20 x 4.4 Type VII

18 x 5.5 Type VII

104.5 In.

194.5 In.

14 In.

20 In.

CONTROL MOVEMENT AND CORRESPONDING CONTROL SURFACE MOVEMENTS

Nominal control surface and control movements on each side of neutral

position for full movements as limited by stops shall be as follows.

Rudder

Rudder Pedals

Horizontal Stabilizer

Horizontal Stabilizer Control

Aileron

Aileron Control

Wing Slats

Wing Flap

+25 °

+3.5 Inches Forward
and Aft

25 ° up 15 ° down

6 In. Aft, 4 In. Forward

+ 16 °

4.25 In. Right or Left

25 °

1-20
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HUMAN FACTORS

A Human Factors review of the desired five minute limit for preflight checkout

procedures has been performed on the N-309 and T-39A modified configurations. The

study results indicate that the five minute limit for preflight checkout is attainable,

provided that the following tasks are performed first:

Aircraft Form 1 checked; aircraft exterior visual inspection completed; all

ground safety pins installed; pilot installed in the aircraft, with parachute straps and

seat restraint harness fastened; oxygen hose and communications line connected; seat

and rudder pedals adjusted; ground start cart connected and operating.

The above qualifications are required due to the unpredictable nature of the

pilot's findings in the visual preflight inspection, and due to the differences in time to

enter the cockpit and prepare for flight.

A preliminary task-timeline analysis of pilot tasks in the start and pre-liftoff

sequence is shown on page 1-22. Times given for task performance are estimates,

based on analyses of similar tasks in fixed wing aircraft, and performed by experienced

pilots thoroughly familiar with the cockpit.

1-21
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2.0 AERODYNAMICS

2.1 JET_DUCED_TERFERENCE EFFECTS

2.1.1 _Iover Interference

The loss in lift due to low pressures induced by the jet exhaust along the lower

planform surfaces is a function of several parameters associated with aircraft geo-

metry and engine characteristics. Analysis of pertinent reports on lift loss in hover

(References 2-1 to 2-5) has shown that lift loss is dependent upon the following criteria:

(1) the total planform to jet exit area ratio; (2) the number of jet exits; (3) planform con-

figuration; (4) the height of the wing and the height oi the jet exit above the ground; (5) jet

decay characteristics; and (6) jet pressure ratio. Even though the jet decay characteris-

tics on the J-85-19 engine were unknown, sufficient data requirements were available to

estimate the magnitude of lift loss for each configuration.

The method of approach which was followed assumed a test model configura-

study configuration. Interference lift over thrust -_-, as a func-tion closest to the

tion of h/DE, the ratio of height above ground to equivalent diameter_(_/4 x Total Nozzlerr Area)

for the N-309 configuration is presented in Figure 2-1. Since the number of jet exits are

nearly the same (8 in direct lift vs. 9 in composite mode), a single lift loss curve is rep-

resentative of both modes. The data appearing in Figure 2-1 is based on experimental

test data of an eight jet model (Reference 2-1) and a ten jet NASA model (Reference

2-2). Adjustments applied to these data included those for increased pressure ratio

PT .S
= 1.4 to 2.2), increased planform to jet exit area ratio (T= = 50 to 65), and a

-,j h

correction for low-to mid-wing position. The lift loss at an D--_ = 10 is 4% of

maximum thrust. At landing gear heights of h/D E = 1.19 and 1.26, Figure 2-1 shows

lift losses of 15% and 15.5% for direct lift and composite modes respectively. The

variation of the moment parameter _ with h/D E shown in Figure 2-1 was obtained

from Reference 2-5 which provided moment characteristics of a multiple jet config-

uration. From Figure 2-1 it may be noted that near ground (h/D E < 4.0), the

moment increases positively due to larger negative interference forces aft of the c. g.

At landing gear height, A M/T_ reaches a maximum value of + 0.05.

2-1
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The interference lift loss curve in Figure 2-2 is representative of both direct

lift and composite modes for the MOD T-39A configuration and is based primarily on

the lift loss characteristics of a NASA ten jet test model (Reference 2-2) which has an

S/Aj = 50 and PT/P = 1.4. Similar corrections for S/Aj (50 to 74) and pressure

ratio _(1.4 to 2.2) were applied which resulted in a 6% lift loss at h/D E = 10 and

16.5% at landing gear height.

One method which has been effective in reducing lift loss near the ground at

approximately landing gear height is the outboard canting of the jet exit nozzles. Test

results on a NASA 10 jet model (Reference 2-2) indicated that canting the jet exits out-

board 10 ° reduced maximum lift loss at h/D E = 1.5 by 7.0%. This reduction includes

the effect of a 1.5% loss in vertical thrust due to canting the thrust vector. However

for h/D E > 4. 0, there was an increase in lift loss of 4.5%. The results of the NASA

tests were applied to the N-309 and Mod T39A configurations and an 8 degree outboard

cant of thrust was assumed which resulted in a 1% vertical thrust loss. The following

lift loss characteristics shown by the symbols are presented in Figures 2-1 and 2-2.

For the N-309 configuration in Figure 2-1 the lift loss AL/T amounts to 12.5% at

landing gear height and 7% at h/D E = 10. For the Mod T-39A configuration in Figure

2-2, the corresponding lift losses are AL/T = 11.5% at landing gear height and 9%

ath/D E = 10.

The moment variation A M/T_ with h/D E in Figure 2-2 for the MOD T-39A

is identical to that for the N-309 configuration. At a landing gear height h/D E = 1.5,

the value of AM/T_ = 0.04.

A multiple lift jet aircraft in transition experiences much larger interference

lift loss forces than in hover. At forward speeds the jet exhaust plume is deflected

rearward which causes a larger undersurface area to be affected by negative pressures.

It has been suggested from flow visualizations (Reference 2-6) that the trailing jet plume

consists of two contra-rotating vortices in the shape of a horseshoe which are re-

sponsible for the development of the negative pressures. Thus the magnitude of lift

loss associated with a particular aircraft configuration would be highly dependent

upon the amount of undersurface area rearward of the jet exits. Other effects which

influence lift loss are the magnitude of jet velocity, jet deflection angle and tail down-

wash. The variation of lift loss ziL/T with / p_V 2 shown in Figure 2-3 is

VPjVJ 2

representative of both direct lift and composite modes of the N-309 configuration.

Since the N-309 planform is similar to the low swept wing configuration in Reference

2-3
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2-7, lift loss data from this reference were used as a basis to establish lift loss

characteristics. Effects of jet vectoring ( q_ j = 30 °) and tail downwash (tail unde-

flected for trim) are also presented. Jet vectoring and tail downwash contributions

were obtained from References 2-6 and 2-8. The incremental moment parameter

A M/T E is shown in the lower half of Figure 2-3. The moment variation includes

contributions of suckdown from Reference 2-7 inlet momentum drag, tail downwash

(tail undeflected for trim) and jet vectoring ( q_ j = 30o). Similar interference lift

and moment characteristics for the T-39A configuration are presented in Figure 2-4.

Analyses of incremental lift and moment variations with jet vectoring from Refer-

ences 2-6 and 2-8 have indicated that interference lift and moment effects may be

represented by the following empirical equations over the transition speed range.

I )--T-- ='75 -- (pj =0 Cos (Pj

I ZlM _ _(__. = 0) Cos

\

.75 _j j
\ - /

VV'here: q_j is the jet vector

angle measured

from vertical and

factor (. 75) applies

at q_j> 0.

I
I

I
I

I
I

I

I

2.1.2 Hot Gas Ingestion

A study of recent full scale hot gas ingestion tests as reported in Reference

2-3 has indicated that the phenomena of hot gas ingestion relative to multiple lift jet

V/STOL aircraft is highly time- and configuration-dependent. The tests revealed

that engine stall is not necessarily associated only with ingestion-prone configura-

tions, since several stalls occurred in configurations which for the most part exhibit-

ed lit t le or moderate ingestion tendencies. In most cases some thrust loss due to

ingestion of hot gases was noted. For an analysis of test results in Reference 2-3,

six multiple jet configurations with both delta and swept planforms showed ingestion

thrust losses which varied from zero to approximately 10% of maximum thrust. The

h --- 2.0. Perhaps
trend of the data showed that the higher thrust losses occurred at DE

of primary significance is that there now is a better understanding of the overall

problem of hot gas ingestion and, as a result, means for alleviating or eliminating

hot gas ingestion is at hand.

Of major importance in minimizing hot gas ingestion effects is the shielding

of the inlets from the entrainment of hot gases. This may be accomplished by locat-

ing the wing as low to the plane of the jet exits as possible, although consideration

2-7
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must also be given to lift losses. Wing plan.forms of large root chord are

preferable to act as a shield. Another essential is the close grouping of the jet

exits so that the exhaust plumes coalesce beneath the wing surfaces to act as a

single jet. In this way the jet upon impinging with the ground would form a low out-

ward flowing sheet. Jets that are spaced far apart (as is the case in the MOD T-39A

lift-cruise engine arrangement} may cause a jet "fountain" to be developed. The

"fountain effect" is an upward flow of hot gas which, if unshielded, could be entrain-

ed by the nearest inlet. In a landing transition, the most forward lift jet engines

may be most susceptible to ingestion since exhaust gases would precede the aircraft

in the landing approach. One method to alleviate hot gas ingestion that has been in-

vestigated in Reference 2-9 is the aerodynamic shield. The aerodynamic shield is a

fine sheet of air issuing from the side of the fuselage below the inlet to prevent hot

gas ingestion.

It is concluded that extrapolation of hot gas ingestion data from Reference 2-3

to new configurations such as the N-309 and MOD T-39A would only indicate gross

tendencies. No changes in lift loss or moment change from hot gas ingestion are in-

cluded in the data of Figures 2-1 and 2-2. However, the two new aircraft have been

configured such as to minimize hot gas ingestion and to prevent compressor stall.

2.2 CONVENTIONAL F LIGHT AERODYNAMICS

2.2.1 Basic Wing Lift

The N-309 wing was selected primarily for good low speed aerodynamic

characteristics, since high speed is not a requirement. Significant items are high

maximum lift for low stall speeds and low induced drag for safe single engine flight.

A 12-to 13-percent thick wing loading of 85 psf, an aspect ratio of 6, and 0.4 taper

ratio best suits these requirements. In addition, the quarter chord is swept 20 ° to

provide a reasonably high drag divergence Mach numb er. The T-39A wing has not

been modified, because it meets flaps up stall speed requirements. However, there is

only a 30 knot difference between clean and landing stall speeds.

2.2.2 High Lift System

Leading and trailing edge high lift devices were employed on the N-309 to

provide the NASA desired 40 knot stall speed spread between the clean and landing

configurations. A full span 20% chord leading edge flap is combined with a 73% span,

25% chord trailing edge single slotted trailing edge flap with a drooped shroud.

2-8
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Norair tests of a drooped shroud on a single slotted flap showed it to be effective as

a Fowler or double slotted flap for high lift.

The T-39A wing high lift system comprises a leading edge full span, constant

chord leading edge and a 60% span 28% chord trailing edge single slotted flap.

Lift curves for both airplanes are presented in Figures 2-5 through 2-8.

N-309 lift was estimated by methods of References 2-10 and 2-11. T-39A maximum

lift was obtained from the pilot's flight manual (Reference 2-12 and C L _ was

estimated from Reference 2-10. These curves are not trimmed, since trimmed

lift increments will be positive or too small to significantly change lift, and the

center of gravity shift with weight is also small.

2.2.3 Dra____gg

2.2.3.1 MINIMUM DRAG. Airplane minimum drag is composed of a buildup of in -_

dividual component skin frictions plus profile drags. They are combined with

interference drag and compressibility drag increments at high Mach numbers to make

up the clean airplane minimum drag. The skin friction drag level is based on a

1.60 x 106 Reynolds number per foot. (150 knots, M = . 23. )

Total airplane minimum drag for the N-309 and T-39A is shown in Figures

2-9 and 2-10 respectively. Drag estimates are based on data from References 2-10

and 2-13. The coefficients are defined and added for total minimum drag as shown

below.

Drag Coefficient

AC D Cf I Cf SWET

CfF" P. S

Minimum Drag

C DMIN = A C DWIN G + A C DF US + A C DHOR
+ ACDvER T + ACDINTw_B

AC D + C D

INTH_ V COMP.

Minimum drag was assumed constant until compressibility effects were

present. Then the individual compressibility effects of each of the aircraft com-

ponents was added to the minimum drag to construct the drag rise.

2-9 r
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FIGURE 2-5. N-309 LIFT CURVES
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FIGURE 2-6. T-39A (MOD.) LIFT CURVES
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FIGURE 2-7. N-309 CLMAX VS MACH NO.
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FIGURE 2-8. ,T.-39A (MOD.) CLMAX VS MACH NUMBER
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FIGURE 2-9. N-309 MINIMUM DRAG
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FIGURE 2-10. T-39A (MOD.) MINIMUM DRAG
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2.2.3.2 Dra_ Polars. Drag polars are constructed for the clean, approach and

landing configurations for both aircraft. For the T-39 approach and landing, slat

and flap positions are the same (slats open and 100% flaps). Drag polars are not

trimmed, but trim drag will not significantly change airplane performance.

The clean drag polar is represented by the following equation. Approach and

landing

CD C 2
= CDMIN +_'_e

I

I
I

I
configuration polars were constructed by adding landing gear and flap parasite drag

g
increments to the clean polar as shown below:

C D + CL 2
= CDMIN +ACDgear ACDflaps +_'_-R'e I

Wing leading edge flap or slat drag was assumed negligible for these estimates.

Inasmuch as the N-309 and the T-39A have similar wing geometries, airplane

efficiencies are alike. For the clean configurations, below the drag break, airplane

efficiency is 0.82 for the N-309 and 0.77 for the T-39A. N-309 drag polars for the

clean, approach and landing configureations are on Figures 2-11 and 2-12 and T-39A

polars are on Figures 2-13 and 2-14.

I
I
I

Minimum drag was established by methods in Reference 2-10 and drag due to

lift, landing gear and flap drags were estimated from References 2-11, 2-13, and

2-14.

2.3 PERFORMANCE

2.3.1 Hover Endurance

Hover endurance for the N-309 and T-S9A for composite and direct lift opera-

tion is presented in Table 2-1. These data are based on out-of-ground effect thrust

levels plus an interference lift loss margins, a 5% service tolerance on engine SFC,

and the latest guaranteed minimum engine performance. Ninety percent of the reaction

control thrust is included as lift. NASA criteria complied with include 3.75 g design

load factor for the new aircraft, 1.25 times the resulting modified aircraft load factor

for new portions of the aircraft, sea level, 80°F ambient conditions and weight

contingencies.

2-16
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TABLE 2-1. HOVER ENDURANCE

SEA LEVEL, 80°F DAY

NASA THRUST MARGINS PLUS

INTERFERENCE LIFT LOSS

Designation
Engine Configuration

Composite Time (Min.)

Direct Lift Time (Min.)

N-309

8/7+2 (_8 5-19)

13.4

(W = 18,000 lb)

8.0

(W = 16,300 lb)

Mod. T-39A

10/8+2 (J85-19)

12.7

(W = 20,200 lb)

10.8

(W = 20,200 lb)

I

!
I

I

I
I

I
I

I

I
I

NOTE: Weight contingency included.

N-309 direct lift hover time is 5.4 minutes less than composite time because

the latter with one more lift engine carries more fuel, and cruise engine idle fuel

(600 lb/hr) had to be accounted for in the direct lift mode. Hover times for the T-39A

differ by 1.9 minutes, because added lift engines for the direct lift configuration re-

quires off loading fuel. In the direct lift configuration both aircraft recover 300 lbs.

of fuel that replaces additional research payload.

Improvements in the propulsion system installation have analytically resulted

in a thrust gain, subsequent to the airplane's final weight statement. If later experi-

ments show the thrust increases, it is estimated that the allowable hover weight could

be raised by 2% with an associated 8% or better greater hover time.

2.3.2 Hover T/W Margins

NASA required and aircraft available thrust to weight margins, with originally

estimated weights and total thrust, at specified hover control conditions are compared

on Table 2-2. Norair estimated lift losses are included with NASA free air and ground

effect thrust margins. N-309 and T-39A thrust available either meet or exceed the

NASA specified thrust margins for all control conditions.

2-21
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2.3.3 Transition Acceleration

The acceleration performance comparisons presented in Figure 2-15 were

developed according to the initial conditions of maximum take off weight (18,000 lbs.

for N-309 and 20,200 lbs. for the MOD T-39A) maximum thrust at sea level and 80°F,

and constant flight path angle _/= 0 °. A computer program provided acceleration

characteristics which included effects of conventional aircraft lift and drag as well as

interference lift and inlet momentum drag. Thrust components due to angle of attack

variation were accounted for. For small angle of attack, the equations of motion

along the flight path and normal to it are

(1) AFLIGHT =_g_ ITH-Tv_-DAIRPLANE-DMOMENTuM-WSIN_, 1PATH W

and

(2) T H 7+T V + LAIRPLANE -AL - W COS7= 0

where:

T H and T V are thrust components, parallel and normal to aircraft

longitudinal axis.

AL - The interference lift loss

LA, D A - Conventional airplane lift and drag

DMOMENTUM - Inlet momentum drag of all operating engines

Figure 2-15 shows acceleration-velocity and velocity-time plots of four con-

figurations of the N-309 configuration and one of the MOD T-39A configuration.

Comparison of configurations 1 and 3 shows the advantage of flaps for improving

acceleration and reducing time in transition. Initially, acceleration is 0.56 g's.

At 200 knots, the 20 ° flap configuration shows an acceleration of 0.265 g's while

the zero flap case shows 0.185 g's. The corresponding transition times are 26.5 and

31.5 seconds. This improvement is due to a larger forward thrust component made

possible by negative angles of attack in transition for the same required lift.

Configuration 4, which consists of seven lift engines and two lift cruise engines

with spherical nozzles all set at 28 degrees, is compared with configuration 1 which

also has seven lift engines with spherical nozzles set at 28 ° , but the two lift cruise

engine nozzles are canted 10 degrees aft with (lo0rs deflected aft 18 degrees. In

2-23
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this comparison the acceleration of configuration 4 is approximately 7% higher than

that of 1 and transition is accomplished in 30 seconds. Maximum initial acceleration

of the direct lift engine, configuration 2, was achieved by pitching the nose down 21

degrees so that a forward thrust component could be obtained from the lift engines.

This resulted in an initial acceleration of 0.76 g's. However, as angle of attack is

is reduced at forward speed, acceleration drops off rapidly and net horizontal thrust

diminishes. The time required to complete transition is 58 seconds. In comparing

configuration 1, N-309, with 5, the MOD T-39A, it may be observed that the N-309

has slightly better acceleration characteristics throughout transition resulting in

shorter transition time (31.5 seconds versus 32.5 seconds). Except for the direct

lift configuration 2, the angle of attack variation for all other configurations ranged

between -3 < _ < 3 degrees.

A comparison plot to show the effect of flight path angle on N-309 acceleration

performance is presented in Figure 2-16. For a flight path angle of 10 ° the horizontal

acceleration is 0.38 g's at zero forward velocity which reduces to 0.03 g's at 200 knots.

For a flight path angle _, = 0 ° the corresponding acceleration performance is 0. 525 g's

at zero forward speed and 0. 185 g's at 200 knots. Angle of attack over the speed

range from zero to 200 knots varied from -2.9 degrees to + 1.8 degrees.

The acceleration performance shown is representative of the specific configu-

ration arrangement chosen; i.e., flap angle and nozzle angle, engine cant and exit

door deflection. Variation of these parameters within the limits set by efficient engine

performance and feasible mechanical design are possible to improve transition per-

formance. From the preceding analysis it is evident that flaps permit lift jet aircraft

to be flown at higher acceleration which results in shorter transition time.

If additional acceleration capability is found necessary for minimum time dur-

ing transition, the following approach could be considered. With some alteration in

the design to accommodate an aft cant in the tailpipes of the lift engines, the spherical

nozzles could give 15 ° forward vector for deceleration and 41 ° aft vector for accel-

eration since the total available travel in the nozzles is 56 ° . The resulting maximum

acceleration, with half flaps at constant altitude, would be of the order of 0.6 g at

hover decreasing to about 0.4 g at 200 knots. The time to 200 knots would then be

approximately 20 seconds. If only 0.4 g were used throughout transition, the time to

200 knots would still be under 27 seconds and the time to 1.5 stall speed would be

about 23 seconds.

2-25



NORTHROP NORAIR

l

I

I

I

I

I

1
I

I

I

I

I

I

I

I
1

t

FIGURE 2-16. ACCELERATION PERFORMANCE COMPARISON- N-309
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2.3.4 Transition Deceleration

The deceleration performance shown in Figures 2-17 and 2-18 for the N-309

and MOD T-39A configurations in composite mode is based on comparable initial

configuration characteristics. The spherical nozzles of the lift engines (7 for the

N-309 and 8 for the MOD T-39A) are vectored forward 15 degrees and the lift-cruise

engine nozzles in lift mode remain canted 10 degrees aft. The performance

was developed for'a flight path angle ), = 0 degrees and two angles Of attack: _ = 0 degrees

and the angle of attack corresponding to 5 degrees below stall angle. This angle is 12 °

for the N-309 and 14 ° for the MOD T-39A configuration. The flaps are set 20 ° for N-309

and 25 ° for MOD T-39A and the landing gear is down. Lift engine thrust at the start of

deceleration is a low percentage of maximum thrust and is varied in accordance with the

lift requirements necessary to maintain constant altitude.

At a speed of 160 knots, the initial deceleration of the N-309 at a gross weight

of 18,000 pounds is -0.35 g's at c_=0 ° and the transition time is 30.5 seconds. At

0_= 14 ° the initial deceleration at 100 knots is 0.28 g's which increases to a maximum

of 0.46 g's at 40 knots. The time required in transition is 13.5 seconds. The decel-

eration performance developed according to the equations presented under acceleration

includes the effects of interference lift loss, inlet momentum drag, thrust variation

and thrust vector change with angle of attack.

Although provision is made for a thrust reverser, airplane deceleration with a

reverser is not recommended. Deceleration can be controlled by airplane attitude,

thrust level or combinations thereof. Moreover the foregoing deceleration times are

low enough not to require additional decelerating devices. In addition to a weight pen-

alty, the thrust reverser can direct hot exhaust gases over tail surfaces. This re-

quires heat protection for these surfaces, and at very low speeds there can be signif-

icant tail aerodynamic forces. There is also the probability that deflected exhaust

gases will reach the lift engine inlets and add to the hot gas ingestion problem.

2.3.5 Conversion

Thrust margins are necessary for all possible emergency situations during

the conversion maneuver. The following cases have been investigated to determine

vehicle capabilities during engine out emergencies.

N-309 thrust required and available is presented in Figure 2-19 at design

gross weight, approach flaps, and unvectored lift engines during composite flight.
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FIGURE 2-18. DECELERATION TRANSITION PERFORMANCE MOD T-39A
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Composite operating was chosen because the airplane weighs 18,000 pounds as com-

pared to 16,300 pounds in direct lift. If a cruise engine fails while lift engines are

windmilling, landing gear retraction will allow excess thrust for level flight or climb.

Should there be a cruise engine failure with lift engines at flight idle, the lift engines

can be accelerated to maximum thrust and conversion completed, or they can be shut

down and a conventional landing made. If some lift engines are only partially through

the start cycle when a cruise engine fails (i. e., four engines at start and three

at windmilling rpm), the start cycle can be interrupted and rpm reduced to windmill

speed in two or three seconds. Then a conventional landing can be negotiated.

The modified T-39A is shown for the direct lift case at 20,000 pounds, with

approach flaps and unvectored lift engines in Figure 2-20. This is the critical con-

figuration because of the added momentum drag of two additional lift engines over the

composite lift case. During an emergency the N-309 procedures also apply to the

T-39A. The T-39A, however, has slightly less excess thrust when a cruise engine

fails.

Conversion, for both aircraft, should be initiated at about 1.5 VSTAL L to

take advantage of maximum excess thrust at a stable flight condition in case of a

cruise engine failure.

2.3.6 Stall Speeds (Conventional Flight)

Level flight stall speeds for clean, approach and landing N-309 and T-39A

configurations are presented in Table 2-3. Speeds are for airplane design gross

weight at sea level standard and 80°F conditions.

The N-309, with a 85 psf wing loading at design gross weight, essentially meets

NASA stall speed requirements and the 40 knot increment between clean and landing

speeds.

No modifications are made to the T-39A wing and high lift system. At the

design gross weight wing loading of 58 psf, landing stall speeds satisfy NASA require-

ments, but clean stall speeds are 10 knots or so lower than desired. This allows

only a 30 knot stall speed spread.

2.3.7 Take-Off Distance

It is recommended that conventional take-offs with the N-309 and T-39A be

made without the aid of trailing edge flaps.. With approach or landing flaps, both air-
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craft cannot continue a lift-off or climbout with one engine out. At design gross

weight, with the aid of leading edge flaps or slats only, both aircraft can clear a 50

foot obstacle within 6,500 feet on a sea level 80°F day. Take-off distance versus

airplane weight is presented for each of the vehicles in Figures 2-21 and 2-22 for sea

level standard and 80°F conditions.

N-309 ground roll and air distances in Figure 2-21 were computed from the

following relations. Ground roll is evaluated from:

r w2

840 CLToS

= In (F° - UlRW)

RGR 64.4 [ (F° - _R w) - FxTO] FXTo

I

I
I

I
I

I

where:

W [ + _R - CL R) _
FXT O = FTO CLTo C DR (CLT O

(_ R =" 025)

I
I
I

Air distance is the sum of the distances required for level flight acceleration from •

|
takeoff speed, VTO, to climb over 50 foot obstacle speed V c, and the distance

required to clear the obstacle at V .

c i
CDTo W I

"_ _:_w<v2:V_o2) _ _0 %0 I

_ ° _Lo/ °_'o |LT o
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FIGURE 2-21. N-309 TAKE-OFF DISTANCE
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and
50-h 1

RA2 = rsiny + tany
h I < 50ft.

or
RA2 = 10v/r-25 h1 > 50 ft.

where h I = r(l -cosT)

2
2.853V c

r -

2 (_- -max

32. _ CL c

Lift off speed for the N-309 is 1.15VSTAL L with trailing edge flaps retracted,

because the airplane is limited by a tail clearance angle of 16 ° at rotation. Climb out

speed for over 50 feet is 1.2VSTAL L .

Mod T-39A take-off distances on Figure 2-22 were obtained from the pilot's

flight manual, Reference 12. The performance information in this report is based on

NAA flight test data correlations.

2.3.8 Climb

Military power rate of climb on an ARDC standard day for the N-309 and T-39A,

as a function of weight and altitude, are in Figures 2-23 and 2-24, respectively. These

curves are instantaneous rates of climb (no climb acceleration) calculated from the

following equation.

i01.3 V (F-D)
C = W

N-309 climb speed varies from about 350 knots at sea level to 400 knots at

1500 feet and above to the ceiling near 40,000 feet.

The T-39A has a climb speed of 300 knots at sea level to 350 knots at 15,000

and up, to the ceiling.
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FIGURE 2-23. N-309 CLIMB
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2.3.9 Speed Altitude Summary

N-309 and T-39A military power speed altitude summaries in Figures 2-25

and 2-26 show that the airplanes have comparable maximum speed and

altitude capabilities. Both aircraft have maximum speeds of M = 0.8 or better and

ceilings above 35,000 feet.

2.3.10 Ceilings

Forward flight and hover ceilings in Figures 2-27 and 2-28 are presented for

the ARDC standard atmosphere and sea level 80°F conditions (with standard day thrust

lapse rate with altitude), respectively. Hover absolute ceilings are shown for com-

posite and direct lift operation and absolute and service ceilings for forward flight.

An engine operating limit at 10,000 feet at zero speed restricts both aircraft to that

maximum hover altitude. The N-309 ceilings reflect a 4% lift loss, and 6% for the

T-39A, to account for a free air jet induced lift losses.

2.3.11 Landing

Conventional landing performance estimates include ground roll and air

distances over a 50-foot obstacle for ARDC sea level standard and 80°F day conditions.

The N-309 landing configuration is leading edge flaps 25 ° and trailing edge

flaps 40 °, and gear down. Figure 2-29 shows total distance over a 50-foot obstacle is

5,200 feet or less, and ground roll is 3,200 feet or less at design gross weight. Dis-

tances were estimated from the following equations.

Air Distance:

CL_D5O
R A = +

o CD G F A CD G CDTp F A + F I
-- +

W W
CL G CL G CLTD

= -{R/s)w
F A = approach thrust 1.689V G + D

F I = idle thrust

12-40/
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FIGURE 2-26. MOD. T-39A MACH NUMBER SUMMARY
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FIGURE 2-29. N-309 LANDING DISTANCE
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RFR = 3(1. 689) VTD

Ground distance is considered the sum of a three second free roll distance (above)

and a braked distance defined below.

Braked Distance:

R B

I
2 F I

2.853 VTD I2B - W ICLTD In J

%) L

ff
_S - =CL B CD B

0 I

2
2.853 VTD

then RB = 64.4 / F--!I)uB- /_B = "30

T-39A landing distance in Figure 2-30 was obtained from Reference 2-12. It

is based on flight test data correlations for the slats extended and 100% trailing edge

flap (25 °) configuration. These data show a more rapid increase in landing distance

with weight and temperature than estimates with the previous equations. This airplane

will require a 9,000 foot runway for above normal temperatures and high gross weight

landing operations.

2.3.12 Mission Performance

In addition to the basic hover mission, the Ferry and Transition missions are

shown to explore airplane capabilities. Ambient conditions for the hover mission are

sea level and 80°F, and the Ferry and Transition missions are based on an ICAO

standard day. Fuel consumption includes a 5% service tolerance for all missions in

accordance with Reference 2-15.

The hover mission is defined as follows for composite or direct lift operation.

1. Warm-up and VTO allowance (1 minute at hover thrust).

2. Hover at T/W = 1.0 + jet interference lift loss.

I

I

I

I

I
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FIGURE 2-30. MOD. T-39A LANDING DISTANCE
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3. Vertical landing with 5% initial fuel for reserve.

Hover times for this mission are indicated below for the N-309 and T-39A.

CONFIGURATION N-309 T-39A

Composite 12.7 min 12.1

Direct Lift 7.6 min 10.3

Transition Mission

1. Warm up and VTO, (1 minute at hover thrust).

2. Transition at military thrust from V = 0 to 1° 5 Vstal 1 (composite flight) and

convert to level flight.

3. Accelerate to Vclim b and Climb to 25,000 feet at military thrust.

4. Descend to sea level at V=300 kn and decelerate to 1.5 Vstal 1 .

5. Convert to VTOL configuration (composite) and decelerate to V = 0.

6. Land with 5% initial fuel for reserve plus fuel for 20 minutes loiter at sea

level at speed for maximum endurance. (MIL-C-5011A reserves,

Reference 15).

The N-309, with internal fuel, can perform the foregoing mission (items 2

and 5) three times, landing the last time only. With full internal fuel the T-39A can

complete the mission twice and hover for about 1.5 minutes before landing.

Ferry Mission

1. Warm up and take-off (5 minutes at normal power).

2. Climb to 36,089 feet at military thrust.

3. Cruise at V for maximum range.

4. Loiter at sea level at V for maximum endurance.

5. For 20 minutes.

6. Land with 5% initial fuel for reserve.

This is a general purpose or escort fighter ferry mission specified by MIL-C-

5011A. Mission range including 84 NMi for climb is 702 NMi for the N-309. T-39A

range is 609 NMi which includes 123 NMi climb range.

2-4s
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2.3.13 Hover Endurance Sensitivity

The effect of a ± 50 percent change in engine installation and free air jet

induced lift losses on hover endurance are presented in Figure 2-31. An increase in

installation losses reduces total thrust and fuel must be off-loaded. Conversely,

thrust gains allow for additional fuel. The airplane has volume for the extra fuel.

Hover time is also affected by engine SFC when installation losses cause thrust changes.

Hover time increments, in Figure 2-31, reflect the fuel volume and SFC effects of

changes in engine installation losses. The jet induced lift loss does not constitute an

engine installation loss change; therefore, the time increment is due to fuel loading

only.

2.4 STABILITY AND CONTROL

2.4.1 Reaction Control - General

The "nominal" control powers required for hovering flight were calculated in

accordance with the requirements of paragraphs 2.12, 3.1 and 3.12 of AGARD 408,

modified as per NASA instructions. The NASA modifications comprise factoring the

AGARD 408 specified airplane angular response values by 1.5, 2.0 and 1.5 for pitch,

roll and yaw respectively. The resulting control powers assumed a step input of full

control and the AGARD 408 rate damping. Typically the equation of motion is of the

form;

Iy St= 1
Reqd M c -

r 2 (e -1/7" 1 -i)+--

T

T

where r =---_Y- M_ = BM ft. lb/rad/sec%
Roll and yaw equations are similar.
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The design requirements under normal conditions with all engines operating

are shown in the following table.

Axis

Longitudinal

Lateral

Directional

Response for full
control inout

(degrees in first sec)

450

(W+1000) 1/3

600

(W+1000) 1/3

270

1/3
(W+lOOO)

,,=

Damping
(ft. lb./rad./sec. )

15(ly)0.7

25(ix)O.7

27(iz)0.7

I
I

I
I

I
I

I
I
I

I
I

In addition to complying with the above requirements, consideration must also

be given to the capability to trim out an engine failure or a 35-knot crosswind and

still retain some degree of maneuverability.

The control margins remaining following the trimming out of an engine failure,

etc., are, as a minimum, the following:

Pitch - 20% of the "nominal" hover value

Roll - 50% of the "nominal" hover value

Yaw - 33% of the "nominal" hover value

These values are taken (or inferred) from paragraphs 5.5, 3.17, and 3.14 respec-

tively of AGARD 408. These margins are also to be maintained through transition,

this aspect being discussed in detail inSection 2.4.3 following.

2.4.2 Simultaneous Control

Simultaneous rather than 100 percent single axis control thrust requirements

make the greatest demands on available engine bleed air. Comparisons between

simultaneous control thrusts required and available, expressed as a function of engine

thrust ratio, are shown in Figures 2-32 and 2-33 for the N-309 and Mod. T-39A

respectively.

Aircraft weights shown in these figures include jet induced lift losses (OGE).

The minimum weight condition is with approximately 15 percent fuel.
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Normal (all engines operating) requirements are 60 percent of maximum con-

trol simultaneously on all axes, and 20 percent pitch and yaw control plus 50 percent

roll control with one engine out.

Examination of these figures reveals that all normal and engine out require-

ments are met or exceeded for both N-309 and Mod. T-39A.

2.4.3 Transition Trim

Transition trim requirements and capability have been studied for both the

N-309 and modified T-39A aircraft. Flight condition analyzed is a full throttle accel-

erating transition in the composite mode with the engines' thrust vectored 28 ° aft

(maximum available). Specifically the cases studied were (for 0 < V -< 180 knots),

1. Longitudinal

a. Normal all engine operation_ N-309 (Figure 2-34) and

Mod. T-39A (Figure 2-38).

b. Critical engine out _ N-309 (Figure 2-35).

2. Lateral

Sideslip angle equivalent to a 35 knot sidewind or _ = 15 ° whichever

is larger _ N-309 (Figure 2-36) and Mod. T-39A (Figure 2-39).

3. Directional

Sideslip angle equivalent to a 35 knot sidewind or _ = 15 ° whichever

is larger _ N-309 (Figure 2-37).

The figures indicated above which illustrate the trim characteristics include the

following information:

Figures 2-34 and 2-35 _ N-309 longitudinal trim (normal and critical engine out):

(1) Trim moment required which includes the contributions of,

(a) Vectored thrust

(b) Inlet momentum drag

(c) Exhaust jet induced effects

(d) Angle of attack (two angles of attack considered)

(2) Trim moments (as (1) above) plus 20% of the "nominal" hover pitch

control moment, where the "nominal" control moment is as defined in

2-54
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Section 2.4.1. This is the AGARD 408 recommended minimum margin

to allow for maneuvering and disturbances (paragraph 5.5 of AGARD 408).

(3) Available reaction control moment at full power setting. The hover

value is maintained constant up to 80 knots and drops to 80% of the

initial value at 200 knots. This choice of control effectiveness decay

was influenced by the data of Reference 2-22.

(4) Aerodynamic control (horizontal tail) assuming CLT 1.0.
(5) Total control (reaction plus aerodynamic).

These Figures demonstrate that the aircraft is easily trimmed through a

maximum acceleration transition with a considerable control margin remaining both

for normal operation and with the critical engine failed. The maximum power accel-

erating transition is the most critical case since the pitching moment contributions,

namely vectored thrust, jet induced effects and angle attack (when positive), all act

in the same sense - nose up.

In comparison, the moment contributions in a decelerating transition are nose

down due to forward vectoring of the lift engines thrust and nose up, once again due to

interference effects and angle of attack.

Figures 2-36 and 2-37 _ N-309 lateral and directional trim (normal operation):

(1) Trim moment required to balance 35 knot crosswind or 15 ° sideslip and

includes the contributions of,

(a) Inlet momentum drag

(b) Exhaust jot induced effects

(c) Aerodynamic forces

(2) (a) Lateral - Trim moment plus 50 percent of the "nominal" hover roll

control moment, where the "nominal" control moment is as defined

in Section 2.4.1.

(b) Directional - Trim moment plus 20 percent of the "nominal" hover

yaw control where the "nominal" control moment is as defined in

Section 2.4. 1. These control margins are taken from paragraph

4.2.3. (b)of NASA RFP L-7151.

(3) Available reaction control moment at full power setting. Again, the hover

value is maintained up to 80 knots and drops to 80 percent of the initial

value at 200 knots. This control effectiveness decay is again based on

the data of Reference 2-22.
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(4) Aerodynamic Control

(a) Ailerons- 5a=20 ° I

(b) Rudder - 5 r =25 °. The rudder contribution is derived as follows. m

It is assumed that for P > 20 ° (for V< 100 knots approximately) the I

vertical tail is completely stalled so that the rudder effectiveness

is essentially zero, and at p =15 ° (at V = 135 knots), the rudder

functions properly. A linear variation of C n(5 r ) is assumed between
P=15 °and P=20 ° .

(5) Total Control (reaction plus aerodynamic)

Again it is seen that sufficient control is provided for trim and maneuver-

ing, the margins being in excess of the AGARD 408 requirements.

The control required levels for the N-309 correspond to the maximum VTO

weight of 18,000 pounds.

Figures 2-38 and 2-39 Mod. T-39A Longitudinal and Lateral Trim (normal oper-

ation)

These figures are similar to Figures 2-34 and 2-36, and again demonstrate

that ample control is available for trim and maneuvering.

The control required levels for the Mod. T-39A correspond to the maximum

VTO weight of 20,200 lbs.

One further design requirement is with regard to lateral trim during engine

run up; specifically, that in a 35 knot crosswind at T/W=0.9, roll moment required

to trim must not exceed 50 percent of the "nominal" control moment (as specified

in Section 2.4.1). This requirement is readily met on both N'309 and Mod. T-39A.

The reason is that the control systems are designed to meet the design specifications

at both maximum and minimum weights - including the control margin as discussed

in (2)(a) above. Since at minimum weight the thrust to weight ratios for the N-309

and the Mod. T-39A in the composite mode are . 76 and . 79 respectively, it follows

that the required margins are available at T/W=. 90.

2.4.4 Stability Derivatives

Longitudinal and lateral-directional stability derivatives were determined for

the N-309 in hovering, transition, and conventional flight modes. All cases con-

sidered were for the composite configuration with flaps and gear up. The assumption

was made that the aircraft is a rigid body.
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Table 2-4 shows a typical variation of the important derivatives with speed.

It should be noted that the derivatives in the transition speed range ( V < 180 knots)

are for level flight at a constant angle of attack of 7°. This is significant since it

means that in order to satisfy these conditions, the lift engines' thrust decreases

with increasing speed. This and related points are further discussed later.

The sources of information used were the USAF Datcom and the Royal Aero.

Society Data Sheets for the aerodynamic contributions, while the jet induced effects

were based on the data on that subject included in this report. The approach used

for each of the three flight modes is discussed below.

(a) Hover - It was assumed that any forces on the aerodynamic surfaces

were negligibly small. Thus the hover derivatives consist wholly of engine

inlet and exhaust effects, namely inlet momentum drag and jet induced local

pressure changes on the aircraft structure.

The inlet momentum effects are a function of engine air mass flow and the

local velocity of the inlet under consideration. For example, for a steady

rate of pitch, the linear velocity of each pair of lift engines is different,

while for a steady forward translation the incremental velocity is the same

for all engines.

The flight condition analyzed was for L = W = 18,000 lb. at sea level.

(b) Conventional - Greatest emphasis was naturally placed on the low speed

derivatives. Both longitudinal and lateral-directional derivatives were

calculated at three angle of attack (0, 7 °, 14 °) for M = . 25, W = 18,000 lb.,

aft c.g. and at the angle of attack for level flight at M = . 75, W = 18,000 lb.,

h = 25,000 ft., aft e.g. In addition, the derivatives necessary to determine

neutral point, maneuver point, and tail angle per g were calculated at inter-

mediate Mach numbers.

Figures 2-40 and 2-41 show the variation of pitching moment and static

directional stability (C n _) respectively with angle of attack at M = . 25. It

was assumed that _ o :riO, Cmo = 0.

(c) Transition - The transition derivatives are essentially the sum of the

contributions of (a) and (b) above. Longitudinal and lateral-directional deriva-

tives were estimated for a range of speeds (50, 100, 150 knots) at three angles
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TABLE 2-4. CLEAN CONFIGURATION

L = W = 18,000 LB.

V ~ Knots EAS 5O

1
X

U sec

100

Q -Deg 7 7

Altitude - Ft 0 0 0 0 0 25,000

1
Z

W see

1
M

u sec-ft

1
M

w sec-ft

1
M

q sec-rad

1
y

v sec-rad

1
N

v sec-K

1
N

r sec-rad

-. 0197

-. 0197

.1353

.000379

-.0O78

-.0197

-.0235

-.2010

.1709

-.000429

-.1246

-. 0506

-.0274

-.3770

• 1920

-.000223

-.2413

-.0812

150 180 M= .75

7 9 3

.0295

• 5770

.2053

.00500

•3567

- .00557

- . 6890

- .01013

- . 4062

- .1048

.00566-.000321

-.00288

-.00952

-.00759

.00132

-.0800

-.01610

-. 5403

.00297

-. 1562

-.02175

-1.0665

.1105

.00466

- .2335

- .02600

- .2683

- .02395

-1.9102

1Lv sec-ft

1
L

p sec-rad
-1.6017

.0236

•8450

.00834

• 5222

.1488

.01026

- . 3721

- .03030

-2. 1586

STABILITY AND CONTROL - STABILITY DERIVATIVES - N-309

2-64



I

I NORTHROP NORAIR

I
I

I
I
I

I

I
I
I

I
I
I

I

I
I

<I

e..b

0

o

0 I

I

I

I

I
2-65



NORTHROPNORAIR

I

I

i
I

I
I
I

I

I
I

I
I

I

FIGURE 2-41. STABILITY AND CONTROL- STATIC DIRECTIONAL STABILITY

VARIATION WITH ANGLE OF ATTACK- N-309

2-66

I

I

I
I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

l

NORTHROP NORAIR

of attack (0, 7°, 14 °) with the constraint that L - W : 18,000 lb. This latter

condition (L - W) is particularly significant in transition. It means that the

throttle setting is different at each angle of attach (and indeed at each speed),

since the lift engines provide a portion of the total lift. The point is that a

number of the derivatives vary as a function of engine thrust or throttle set-

ting. This comment applies to both the direct power effects (inlet and exhaust

interference) and certain of the aerodynamic contributions. The former is in

terms of air mass flow (inlet effects) and engine thrust (exhaust effects). The

latter is the result of jet induced incremental downwash, and possibly sidewash,

the magnitudes being a function of thrust level.

Sufficient data were available (Reference 2-23) to estimate an incremental

downwash derivative A_a but no quantitative information could be found re-

garding the sidewash effect. It is known, however, from unpublished Hawker

Aircraft (estimated) data that the P-1127 airplane shows a decrease in static

directional stability and yaw damping as the engine nozzles are vectored aft.

However, the P-1127 and the N-309 are so dissimilar that this information

could not logically be applied; consequently the N-309 lateral-directional

derivatives do not include any of these suspected effects.

The most important effect of the jet induced downwash is that it brings about a

reduction in static longitudinal stability with re spect to angle of attack (Cma)

since -_a is increased. Secondary effects are seen in CL . and Cm&. As

a result, the N-309 static stability is poorest at around 100 knots; this is

shown in the data of Table 2-4. Again it is mentioned that these data are at

a constant angle of attack of 7 ° and the condition that L = W.

The derivatives, derived as described above, were used in the VSS, SAS and

flying qualitie s studies.

I

I
:I

I
I

2.4.5 Static Longitudinal Stability

Variation of the stick fixed neutral point and maneuver point with Mach number is

shown in Figure 2-42 for the N-309.

It is seen from this plot that the minimum static margin at sea level is about

12 percent which, it could be argued, is too great. However, this preliminary analysis

did not take into account any aeroelastic effects which generally reduce static stability
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FIGURE 2-42. STABILITY AND CONTROL-- STICK FIXED NEUTBAL POINT

AND MANEUVER POINT - N-309
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at the higher Mach numbers. It was therefore concluded that a horizontal tail area

reduction was not justified based on the information currently at hand.

The variation of tail angle per g with Mach number is shown in Figure 2-43.

Little probability of P. I.O. problems are indicated.

2.4.6 Longitudinal Dynamics

Short period mode characteristics were checked at two flight conditions,

namely V = 180 knots at S. L. and M : . 75 at 25,000 feet. In both cases, W = 18,000

lb. with the c.g. aft.

Figure 2-44 shows that with no stability augmentation the N-309 closely ap-

proaches the requirements of MIL-F-8785 (Amendment 4), paragraph 3.3.5. However,

for absolute specification compliance, stability augmentation will be required.

At both flight conditions the Phugoid mode exhibits positive damping with a

period in excess of 15 seconds (reference MIL-F-8785, paragraph 3.3.6).

2.4.7 Lateral-Directional Dynamics

Lateral-directional dynamics were analyzed at the same two conventional

flight conditions as (2.4.6) above.

As shown in Figure 2-45, the N-309 Dutch Roll characteristics (with no sta-

bility augmentation) demonstrate compliance with the "augmenters on" requirement

of MIL-F-8785, paragraph 3.4.1.

At V = 180 knots, S. L., the spiral mode doubles amplitude in 65 seconds,

while at M = . 75 at 25,000 feet, the spiral is convergent. Thus, compliance with

MIL-F-8785, paragraph 3.4.2 requirement (t 2 _ 20 sec.) is demonstrated.

Satisfactory lateral-directional characteristics are therefore indicated.

2.4.8 Roll Performance

A single degree of freedom analysis was made to determine the roll performance

of the N-309 airplane in the conventional flight mode. The effects of yawing and side-

slipping motions were neglected.
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FIGURE 2-43; STABILITY AND CONTROL-TAILANGLE PER g- N-309
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FIGURE 2-44. STABILITY AND CONTROL- LONGITUDINAL SHORT PERIOD

CHARACTERISTICS IN CONVENTIONAL FLIGHT - N-309
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Using Table VI of Reference 2-16 as a guide, the following flight conditions

were considered: W = 18,000 pounds at,

(a) h = S. L., V =1.1 Vstal 1 = 165 knots

(b) h=S.L., V=Vma x 450 knots

(c) h = 25,000 feet, M=0.75

Case (a) is somewhat academic since in general the lift engines will be operating

at this low an airspeed so that the aircraft will not strictly be in conventional flight.

The pertinent roll performance data for a step input of full aileron (5 a = 20 °)

are shown in Table 2-5. Considering the N-309 to be a Class III airplane, it is seen

that the requirements of Reference 2-16 are satisfied.

TABLE 2-5. STABILITY AND CONTROL - ROLL PERFORMANCE - N-309

5 a = 200 W = 18,000 lb.

h ft.

M

V knots Eas

pb
2V

Pss deg/sec

T R sec

deg

t=l

S. L.

0.25

165

0.1223 (0.07)

109.5

0. 570

58.2

S. L.

0.68

450

0. 1223 (0.07)

300

0. 208

237

NOTES:

25,000

0.75

3O2

0. 1223

301

0. 463

177 (90)

(1) MIL--F-8785 (ASG) Amendment 4 requirements are shown

in parenthesis.

average_,-_ for first 30 ° of bank = 0.05(2) Also, at M 0. 25,
\_v/

(o. 05).

2.4.9 Gyroscopic Cross Coupling

Gyroscopic cross coupling exists on the N-309 and modified T-39A aircraft due

to the angular momentum of the engines.

The lift/cruise engines, installed with their axes approximately parallel to the

fuselage horizontal reference line, cause a pitching moment due to yawing velocity

__MM_and a yawing moment due to pitching velocity/_-NN / The magnitudes of eachk5 r / -_-
term are equal and negligibly small.
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The pure lift engines, installed with their axes generally perpendicular to the

fuselage horizontal reference line, cause a pitching moment due to rolling velocity

-_ and a rolling moment due to pitching velocity _ . The magnitudes of each

are equal but of opposite sign. When taking the respective moments of inertia into
_M. 5Las

consideration, it becomes apparent that the effect of _-_--ls small, leaving only _ a

cross coupling term of any consequence. Under normal maneuvers (e. g., q < 10 deg/

sec} this itself is also of little concern.

These comments may be verified by referring to the magnitudes of these terms

which are listed in Table 2-6 for the N-309 and modified T-39A aircraft. The data

are for composite mode operation with all engines at 100 percent rpm.

TABLE 2-6

STABILITY AND CONTROL - GYROSCOPIC CROSS COUPLING -
N-309 AND MOD T-39A

Composite Mode Engines at 100% rpm

N-309

b___MMft. lb/deg/sec
5r

ft. lb/deg/sec
bP

5__Lft. lb/deg/sec
5q

29.9

104. 7

MOD T-39A

29.9

119.7

-104.7 -119.7

5N ft. lb/deg/sec

W lb

Ix slus-ft2

Iy slug-ft 2

Iz slug-ft 2

29.9 29.9

18,000

8,867

45,482

51,402

20,200

12,635

44,436

52,028

2.4.10 Modified T-39A - General

With the exception of hover-transition control power and gyroscopic effects, no

stability and control analyses were performed for the Mod. T-39A. The assumption is

that the modifications will not seriously degrade the already demonstrated acceptable
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flying qualities of the basic T-39A. Possible effects of the proposed modifications

include:

1. While the increased fuselage volume is destabilizing, it is offset by the

forward c.g. shift resulting from the redistribution of the fuselages'

internal components. Thus, no revision to the empennage areas is con-

sidered necessary.

2. Increased moments of inertia will result in a somewhat less responsive

airplane.

Since no stability and control data could be obtained for the basic T-39A, a

"from scratch" analysis would have been required, which in view of the above comments

was not considered warranted.
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NOMENCLATURE FOR TABLE 2-4

|
Xu _ ml 5X_Su pSUm (-CD- CDu) _6_1 W

i BZ i I
Z w = _ _ - _m U (-CI._ - CD)

__ _M Sp__ (Cm + 1 IMu _ - iu Cmu)

Mw=_ _M=pSU_ 1 i_- 2Iy Cm_

Mq _ _M pSU_ 24Iy Cmq secl-rad I

Yv - 1 BY pSU 1 Im _v = 2m CyB sec-rad

Nv Iz "_. Cnfl

Nr _ i _N pSUb 2 Cn r i

LV --

Lp -

Iz _r 4I z sec-rad i

1 _L [SUb Cl _ 1Ix _v 2I . sec-ftX

1 _L SUb 2 secl_rad i
Ix _ = _ clp
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3.0 PROPULSION PERFORMANCE

3.1 ENGINE INSTALLATION

General Electric YJ85-19 engines were selected for lift and lift/cruise engines

in both aircraft designs. A typical lift-engine bay is shown in Figure 3-1 (AD 4515).

As indicated, there is one set of bomb-bay type inlet doors for the forward four lift

engines; similar doors are installed for the aft engines. These doors are hinged so

that they provide somewhat of a continuation of the inlet bell mouth and as deflectors

to increase the reingestion flow path. The doors are electrically driven through flex

shafting to jacks at each side of the airplane. A single jack screw for each pair of

doors assures symmetric operation. Lift engine RPM switches prevent door closing

at an engine speed greater than 12 percent RPM. The lift-engine exhaust doors are

similarly arranged and powered. Suck-in inlets and pop-out exhaust doors insure that

structural damage will not occur when the doors shut.

Spherical nozzles are provided to vector thrust of the lift engines. The lift/

cruise engines are provided with thrust vectoring doors with an actuator for each door.

The vector doors are electrically operated and linked electrically to the lift/cruise

engine thrust diverter valve such that the doors must be open before the diverter

valves can be opened. The vectoring doors open through 80 degrees of travel with the

last 18 degrees controllable with the thrust vector control on the throttle knob.

Engine bay cooling air is drawn in around the outside of the inlet bell mouths

and expelled by air ejectors installed in the engine bays.

3.2 BARE ENGINE PERFORMANCE

The YJ85-19 lift engine has a bare standard day take-off thrust rating of 3,015

pounds and an SFC of 1.00. The operational time limit is 5.0 minutes at take-off

power. These ratings apply to the lift/cruise engine in the lift mode for composite

(mixed engines) hover operation. For cruise operation, bare-engine ratings are

2,950 pounds for thrust and an SFC of 0.98. The reduction in thrust rating in the

cruise model is due to the lowered allowable exhaust gas temperature for extended

30-minute military power operation. Time between overhauls is 400 hours, which is

sufficient for the test programs without incurring a cost penalty for engine overhauls.
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3.3 ENGINE BLEED OPERATION

The operational requirements of the NASA V/STOL designs include hover

testing for extended periods with high compressor bleed rates for attitude control.

Therefore, exhaust tailpipes were sized to allow continuous engine operation at

maximum power and compressor bleed rate without exceeding the limiting 5-minute

exhaust gas temperature of 1780°R (computed).

The effect on engine performance of resizing the exhaust area to retain the

limiting EGT while bleeding 8.0 and 10.0 percent is shown in Figure 3-2. At maxi-

mum power and the maximum bleed rate of 10.0 percent, the engine thrust loss is

16 percent with a 9.0 percent increase in engine specific fuel consumption. However,

where, as in the proposed designs, the bleed air is utilized for lift, the actual lift loss

is reduced to about 7 percent with essentially no penalty on SFC. This comparison

assumes the complete utilization of bleed air for lift with no losses in the control

system.

The effect of off-design bleed rates on engine performance and lift capability

is shown in Figure 3-3 for an engine sized for 10 percent bleed operation. The

important points are: (1) lift capability (engine thrust plus control thrust) is only

slightly reduced for bleed rates 2 to 3.0 percent less than design; and (2) specific

fuel consumption based on total lift decreases for bleed rates less than design.

A rapid reduction of bleed rate results in a loss of engine stall margin due to

surge effects on the compressor. Engine tolerance to bleed-rate changes depends on

the particular design, varying from a permissible 0.5 percent reduction from the

design bleed rate for a current foreign lift engine of high thrust-to-weight rate, to no

restriction for the YJ85-19 engine, a slightly modified conventional turbojet engine.

As discussed in detail under a separate heading, the control systems of the

new and modified aircraft utilize the variable bleed concept with bleed rates varying

between about 8.0 and 10.0 percent, depending on the control demand.

3.4 INSTALLED PERFORMANCE

3.4.1 General

The primary NASA test condition is at sea level and an ambient temperature

of 80°F. Performances of the engines at this condition at maximum power as installed

in the new design (N-309) and the modified T-39A are listed in Figure 3-4. Also

3-3
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SUMMARY OF YJ85-19 ENGINE PERFORMANCE

(Installed Static Sea-Level Ratings at

80°F and Maximum Bleed Rate, WB/W A = 0.i0)

(i) Engine Weight ib

(2) Thrust ib

(3) Control Thrust, F c ib

Thrust/Weight (Engine only)

Thrust/Weight(Eng. plus Fc)

Engine SFC ib/ib-hr

Total SFC ib/Ib-hr

Bleed Press. at Port Exit PSIA

Bleed Temp. at Port Exit OR

Comp. Bleed Air Rate ib/sec

Control Nozzle Specific Thrust

Fc/WB

New Aircraft

N-309

Lift I L/C
Lift

Mode

420 392

2320 2250

226 211

5.52 5.74

6.06 6.27

i.ii 1.16

i .012 1.06

78.5 78.2

965 965

4.18 4.16

56.9 56.4

Mo di fi ed

T-39A

Lift t L/C

! Lift

I Mode

420 392

2320 2260
!

226 211

5.52 5.75

6.06 6.27

i.ii 1.16

i .012 1.06

78.5 78.2

96.5 965

4.18 4.16

56.9 56.4

New And

Mod. A/C

T-39

(4)Cruise

392

2680

6.84

1.038

I

I
I

I
i

I
I

I
I

I

I

(1)

(3)

Includes vectoring nozzle for lift

engine but not diverter valve and

extended tailpipe for L/C engine

Control System Losses

A. Line press, loss, Ap/p = 0.15

B. Bleed Air noz. leakage, .03 W B

C. Nozzle velocity coeff., 0.96

D. Bay cooling, W c = .2 ib/sec

E. Air cond. (L/C only), W = .2 ib/sec

(4) Bleed Rate, WB/W A = 0.01

(2) Installation Losses, AF___

Lift En$ine

A..007 (.995 inlet recv.)

B..0i5 (Veer. nozzle)

L_C En$in e

A..014 (.99 inlet recv.)

B. 4088 (Div. and tailpipe,
new A/C)

C. _028 (Div. Mod. T-39)

Cruise Mode

A..014 (.99 inlet recv.)

B. _025 (Div. and tailpipe)

FIGURE 8-4. SUMMARY OF YJ85-19 ENGINE PERFORMANCE
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listed are other pertinent performance parameters, including engine weights, bleed

air quality, and available control thrust at the maximum compressor bleed rate of

10.0 percent. These data reflect the tabulated installation losses which are discussed

below, as are the overall effects of resizing the exhaust tailpipes for continuous bleed

operation.

3.4.2 Lift Engine

Static performance of the YJ85-19 lift engine at sea level and 80°F as installed

in either the new (N-309) or modified aircraft is shown in Figure 3-5 for compressor

bleed rates varying from 6 to 10 percent. An increase of nozzle area from 104.1

square-inches for the basic engine to 109.5 square inches (effective} was required to

retain the limiting exhaust gas temperature of 1780°R when bleeding 10.0 percent.

Installation thrust losses consisted of 0.7 percent for an inlet recovery of

0. 995 and 1.5 percent for the vectoring exhaust nozzle in the undeflected position.

These losses yielded an installed thrust rating of 2,320 pounds and an engine specific

fuel consumption of 1.11 at a bleed rate of 10.0 percent.

3.4.3 Lift/Cruise Engine

Installed lift performance of the lift/cruise engine is shown in Figure 3-6.

These data are applicable to both aircraft although, as shown in Figure 3-4, the MOD.

T-39A lift/cruise engine is rated at 10 pounds more thrust, 2,260 pounds against

2,250 pounds for the N-309. This small difference was due to a slightly less pressure

drop in the T-39A diverter-tailpipe, as shown in Figure 3-7. This figure presents

tailpipe pressure losses for each configuration and mode of operation used in the

performance calculations. Diverter gas leakage rates are 0° 90 and 0.70 percent of

the total gas flow in the lift and cruise modes, respectively.

Lift thrust and fuel flow for the lift/cruise engine up to 0.30 Mach number on a

sea-level standard day and 80°F are shown in Figures 3-8 and 3-9, respectively.

Maximum static cruise thrust at sea level and 80°F is 2,680 pounds for both

installations, i.e., diverter valve in the straight through position and a 20.0 inch

tailpipe and nozzle. In the cruise mode, the engine was sized for constant military

operation at 80°F, a bleed rate of 1.0 percent for bay cooling and cockpit conditioning,

and a power extraction of 30 horsepower.

Cruise performance, thrust and fuel flow, up to 0.30 Mach number on a sea

level, 80°F day are shown in Figures 3-10 and 3-11. Similar standard day

3-7
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FIGURE 3-7. .YJ85-19 LIFT/CRUISE ENGINE DIVERTER VALVE AND TAILPIPE
PRESSURE DROP VERSUS ENGINE SPEED
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performances at sea level and altitudes of 15,000 and 25,000 feet are presented in

Figures 3-12 through 3-17.

3.5 LIFT CAPABILITY

Maximum lift capability of each airplane in composite-and direct-lift modes

of operation are shown in Figures 3-18 through 3-21. These data include the entire

control thrust as lift. In the actual case with yaw and roll moments applied, lift is

reduced somewhat due to the swivel angle of the pitch nozzle for yaw and the upward

exhaust of one of the roll nozzles at high roll moments.

3.6 ENGINE BAY COOLING

Cooling of the lift and lift/cruise engine bays is accomplished by jet pumps

using a maximum of 0.5 percent compressor bleed air from each engine. The ejector

consists of a circular tube located just above the spherical nozzle with nozzles spaced

equally around the periphery. The system is sized to provide a secondary airflow of

about 2.0 to 2.5 lb/sec. This required a secondary-to-primary area ratio of about

350. The primary system consists of twenty 0.11 inch diameter nozzles with the

engine bay in the same horizontal plane as the nozzles modified to provide the required

area ratio.

The secondary flow path is through cutouts in the upper fuselage outside the

bell mouth proper of the lift engines, around the compressor for cooling engine

accessories, then through the ejector. The total area of the inlet cutouts is 38.0

square-inches to limit the entry Mach number to about 0.13, thereby holding flow

pressure losses to a minimum.

For the lift/cruise engine, the ejector is mounted near the exit of the cruise

tailpipe. The ejector is in operation at all times to provide cooling air flow during

both the lift and cruise modes of operation.

3.7 INLET PERFORMANCE

3.7.1 Lift Engine

Design objectives of the lift-engine inlet were: (1) provide a high recovery

during hover so as to not compromise lift; (2) provide recoveries and compressor

face distortions compatible with the engine during start, acceleration and high power

3-15
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FIGURE 3-19. LIFT CAPABILITY NEW AIRCRAFT, N-309 DIRECT LIFT

MODE 8 LIFT YJ85-19 ENGINES SEA LEVEL, 80 F
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operation at transitional flight speeds. The first objective is easily met with a bell-

mouth shaped inlet with a radius of about one-half the diameter. The second objective,

however, is not easily solved due to the extreme range of inlet velocity ratio imposed

on the inlet. As shown by Figure 3-22, inlet velocity ratios at 200 knots vary from

7.0 at the minimum start speed of 12% rpm, down to 3.1 at idle speed (N = 47% rpm),

and to below 1.0 at high power settings.

Tests of VTOL lift-engine plain inlets and scoop-type doors were conducted by

Northrop Norair in the NASA/Ames 40-by-80 foot wind tunnel using the Ames lift

engine pod containing five tandem-mounted YJ-85 engines. Figure 3-23 presents inlet

recovery and distortion data from these tests as a function of inlet velocity ratio. No

data with plain inlets at positive angles of attack were obtained. The performance

shown on this figure at positive angles and "starting inlet velocity ratios are estimates

only and might well be optimistic for some of the engines, particularly for the third

bank and aft engine of the N-309 design.

The conclusion was that the performance of a plain bell-mouth inlet may not be

satisfactory and that the design should incorporate devices to insure reliable perfor-

mance throughout the entire operational range. Distortion at the compressor face at

high inlet velocity ratios is the primary concern, not inlet recovery, since the air-

impingement method is to be used to start the lift engines during flight. However,

inlet pressure recoveries improve when distortion is decreased and any increased

windmilling speed resulting from higher recovery decreases the time required for

starting the lift engines.

The proposed inlet design consists of bell-mouth shaped inlets with internal

flow turning vanes (Figure 3-24). The radius of the bell mouth for the forward pair

of each group of lift engines varies from 10.0 inches (r/d = 0. 625) at the most forward

point to 6.0 inches (r/d = 0. 375) at the aft centerline. For the second pair and single

aft lift engine of the N-309 design, the forward radius is 8.0 inches (r/d = 0.5) taper-

ing to 6.0 inches (r/d = 0. 375) at the rear. The static recovery of this inlet is esti-

mated at 0. 995 at maximum engine power increasing to near unity at lower power

settings.

Alternate designs, also shown in Figure 3-24, feature either external turning

vanes or scoop-type doors. Both of these systems have been tested with some success

in improving recovery and reducing distortion. However, they are more complex

than the "fixed" internal vane system and, in the case of the scoop-type door, impose
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high drags during the engine start and idle phases at high transitional speed. Also,

either a variable door system or suck-in doors would be required to obtain a favor-

able match between engine mass flow ratio and inlet area.

Tunnel testing of the proposed internal-vane system is required to substantiate

performance and of the other systems if it should prove unsatisfactory.

3.7.2 IAft/Cruise Inlet

Design objectives were: (1) obtain a high static recovery at take-off power for

maximum lift in the composite-lift mode; and (2) obtain high subsonic pressure recov-

ery and a critical Mach number of about 0.80. The first objective dictated a short

inlet with minimum diffusion to limit friction and diffuser losses, and a rounded or

elliptical internal lip contour for favorable flow characteristics. The length of the

inlet for the N-309 is 27.0 inches and no auxiliary inlet doors for static maximum

power operation are required. The estimated recovery performance for static and

flight operation is shown in Figure 3-25.

Actual inlet profile coordinates have not been established. However, profiles

specified for the NACA 1-45-165 elliptical inlet appear to offer the best compromise

between static and flight operation in the subsonic range.

3.8 THRUST VECTORING

The new design (N-309) and the Mod. T-39A incorporate single-plane spherical

vectoring nozzles on all lift engines and a combination vectoring-closure door below

the lift exhaust nozzle of each lift/cruise engine.

The single-plane vectoring nozzle will be manufactured by General Electric

and is a fall-out of their current development of a two-plane spherical vectoring

nozzle.

The single-plane vectoring nozzle has a fore-and-aft vectoring capability of

28 degrees and, as shown in Figure 3-26, is highly efficient in turning the exhaust.

At full vectoring the thrust loss is only 4% of the unvectored thrust. Unvectored, the

thrust loss is 1.5% relative to the basic YJ85-19 convergent nozzle.

The vectoring door (Figure 3-26) is not as efficient as the nozzle with a

12% thrust loss at an effective vectoring angle of 28 degrees. The 10-degree rearward

cant of the lift/cruise engine exhaust nozzles results in a horizontal thrust component

of 390 pounds per engine. However, an airplane pitch attitude change of only
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1.5 to 2.0 degrees is required to counteract this forward thrust with negligible effect

on lift capability.

Overall, the vectoring door system results in about a 14-pound weight reduc-

tion due mainly to the elimination of the additional separate closure doors, which are

required when vectoring nozzles are used. The +28 ° vectoring nozzle is a slight

deviation from the revised specification which specified vectoring of 15 ° forward and

30 ° aft.

In case of a requirement for more vectoring capability, an alternate vectoring

configuration for the lift/cruise engines utilizing the same spherical nozzles employed

on the lift engine was designed for the N-309 in the composite-lift mode (Figure 3-27,

AD 4507). As indicated the design change is limited to the internal arrangement of

the aft engine bay, aft fuel cell and reaction control duct routing. This alternate

nozzle configuration still maintains a versatile capability to convert to the direct lift

mode by removal of the lift/cruise exhaust system and the installation of another lift

engine. The reaction control duct routing for pitch and yaw (on drawing AD-4486) is

directed along the lower fuselage center line for the length of the airplane. However

the spherical nozzle requires more longitudinal space for movement and activating

mechanism. Therefore, to make efficient use of the space available the reaction con-

trol duct in this area is directed vertically, then aft, past the lift engine to the aft

control nozzle. The shape of the aft fuel cell is revised to comply with the new duct

routing. There is no external surface change to the configuration to accommodate the

installation of the sperical nozzles.

3.9 LIFT ENGINE IN-FLIGHT STARTING

Lift engine starts during transition will be accomplished by boosting windmil-

ling speed to start speed by turbine air impingement using bleed air from the lift/cruise

engines. The bleed-air flow path is from the engine compressor into the main attitude

control duct, then through ducting into the "start" turbine ports of the lift engines.

The attitude control nozzles and the compressor bleed ports of the lift engines are

closed.

Ai r-impingement requirements for static starts of a single engine using an

external air supply (start cart) are as follows: (1) an airflow of 1.7 pounds/per second;

(2) an air pressure of 43.0 psia; and (3) an air temperature of 820 ° R. As shown in

Figure 3-28, a bleed air flow of 6.2 to 7.4 pounds/per second at a pressure level

3-34
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between 52 and 64 psia is available from two lift/cruise engines when bleeding the

maximum 10%. A system pressure loss of 15.0% was used in the calculation of pres-

sure at the starter port. The temperature of the bleed air varies from 885 R at 90%

rpm to 945 at 94% rpm.

Specific horsepower (horsepower per pound of airflow) available from the

lift/cruise engines is 100.5 compared with 72.6 from the "start" cart. Therefore,

the available bleed-air energy from two lift/cruise engines is sufficient to start four

lift engines simultaneously within 30 seconds, or 1.0 minute for the entire starting

cycle.

In the cruise mode, the lift/cruise exhaust nozzle is sized for only a 1.0%

bleed rate. Therefore, engine speed during the start sequence is restricted to a

maximum of 94% rpm to limit the exhaust gas temperature to 1779 R, the maximum

permissible for five minutes of operation. Engine thrust is reduced by about 5.5%

when bleeding 10%, but is still adequate in the landing configuration at transitional

flight speeds.

The lift-engine starting procedure for the N-309 airplane in the composite-lift

mode is shown below, but is applicable to direct lift mode by the inclusion of a fourth

engine in the second group of engines to be started. The starting procedure will be

initiated at 200 knots. Engines are started in groups that minimize induced pitching

and rolling moments with engiims at idle speed. The engine starting sequence diagram

is shown in Figure 3-29 (AD 4514).

N-309 Lift-Engine Starting Procedure

.

2.

.

Open inlet and exhaust doors - single switch.

Move throttle to idle power setting.

Actuate single start switch:

a. Air-impingement valves open and ignition energized on

Engines 1, 2, 5 and 6.

b. Fuel valves open at 12% rpm.
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.

c. Air-impingement valves close at 40% rpm. Idle light OFF at

40% rpm and air-impingement valve closed, each engine.

d. Starting system for remaining engines armed when Engines 1, 2,

5 and 6 at idle speed and air-impingement valves closed.

Sequence (3} repeated for Engines 3, 4 and 7.

3.10 ENGINE PERFORMANCE SENSITIVITY

The effects on YJ85-19 engine performance of 50% variations in the installation

losses are shown in Figure 3-30. The maximum additional thrust loss at take-off

power (variations in the adverse direction} are 1.1% for the lift engine and 1.9% for

the lift/cruise engine. The corresponding over-all loss of lift capability for the N-309,

composite-lift mode, is 1.27%. The effect on the maximum available control thrust

is to reduce it by 1.8%. The over-all specific fuel consumption is increased by 1.5%

if all additional installations are 50% greater than estimated.
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4.0 REACTION CONTROL SYSTEM

4.1 GENERAL

In addition to providing the required control moments, design objectives of the

reaction control system using bleed air from the engines were: (1) to obtain a mech-

anically simple system that eliminates the requirement for interaction between control

nozzles when maximum control is demanded about a single axis; (2) minimize cross

coupling between control axes and lift; and (3) minimize system weight.

A modified constant-bleed system was selected over a pure demand system to

limit engine over temperature during extended test periods with probable high control

demands. Other advantages were a faster response system and minimization of lift

cross coupling when full control is demanded. Compressor bleed rates for the N-309

design in the composite lift mode and the Modified T-39A design varied from 8 percent

for zero control demand to 10 percent, the engine limit. For the direct- lift mode of

the N-309, a bleed-rate range of 6 to 10 percent was required to meet the control

demands.

4.2 SYSTEM DESCRIPTION

Pitch and roll system ducting are interconnected to insure nearly equal control

availability about either axis in. case of failure of any engine. The flow areas of the

ducts were selected to yield an initial flow Mach number of 0.30 to limit the pressure

loss to 20.0 percent of the pressure available at the engine exit ports. Detailed

pressure-drop analyses on the N-309 system substantiated the selected duct diameters

at 8.5 in. for the pitch _uct and 4.0 in. for roll with pressure drops of 20.0 percent

occurring only when maximum control about a given axis is applied. To accommodate

the increased flow from ten engines, duct diameters for the Mod. T-39A design are

9.6 in. for pitch and 4.5 in. for roll.

For pitch corSrol, variable-area reaction nozzles are located at the extremities

of the longitudinal axis. The nozzles exhaust downward only with differential nozzle

reaction thrusts generating the required control moment.

Yaw control moment is obtained by rotating the pitch nozzles differentially

until the required moment or attitude is established.

4-1
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Reaction nozzles located at the wing tips and capable of exhausting either up or

down provide roll control. This method reduces the size of the duct for inclusion

within the wing mold line. For the N-309, composite-lift mode, both nozzles exhaust

downward with differential nozzle thrusts providing roll control until one nozzle is

completely open and the other closed. Additional control moment is obtained by pro-

gressively opening the upper nozzle of the previously closed nozzle. This procedure

eliminates cross coupling between the applied roll moment and pitch and lift up to the

application of about one-half of the available roll moment. For the N-309 direct-lift

mode and the Mod T-39A design, a pure up-down system is employed; that is, one roll

nozzle always exhausts in a direction opposite to the other. Nozzle area schedules for

each airplane design are discussed under the appropriate heading.

Figures 4-1 and 4-2 show a preliminary layout of the reaction nozzle configura-

tion for the pitch/yaw and the roll nozzles. The nozzles use materials of different

thermal coefficients of expansion so that minimum leakage is achieved without the

danger of binding. The gap is sized for zero bleed airflow and, thus, the differential

expansion during thermal shock tends to increase leakage rather than binding the

system. Teflon seal strip further minimizes leakage and friction under any load

distortion.

Drawing AD-4499 and Figure 4-3 show reaction control duct routing installations

for composite and direct lift cases respectively. Thin wall corrosion resistant steel

and titanium are used to minimize weight of the ducting. Insulation and radiant foil

are installed where required for protection of structure, equipment or personnel.

4.3 AVAILABLE CONTROL

4.3. i General

The quality of the bleed air and the resulting control thrust available for bleed

rates of 8 and 10 percent with and without system losses are shown in Figures 4-4 and

4-5 for the lift and lift/cruise engine, respectively. System losses consisted of nozzle

leakage (3.0 percent), line pressure drop ( z_ P/P = . 15 at 99 percent RPM), and a

nozzle velocity coefficient of 0.96. Bleed air flows used for purposes other than control

are also grouped with the system losses. These consist of 0.5 percent of compressor

bleed air for cooling the engine bays and, for the lift/cruise engines only, an additional

0.5 percent for cockpit conditioning, The estimated discharge coefficient of the
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FIGURE 4-5. J85-19 L/C ENGINE PERFORMANCE -

BLEED AIR QUALITY AND CONTROL THRUST

4-7



NORTHROP NORAIR

reaction nozzles is 0.95; the discharge coefficient does not affect the available control

thrust since the discharge area is variable.

With the available control thrust per engine established, the analysis was

directed to determining the total control thrust and moments available from each con-

figuration. To obtain a "working" plot depicting available control thrust as a function

of engine speed, bleed rate, and total nozzle area, engine bleed characteristics were

matched with flow continuity to obtain Figure 4-6 and, in turn, Figure 4-7. The latter

figure defines the control thrust available from a nozzle of specified area as a function

of total nozzle area and engine speed. These data are applicable to either 8, 9 or

10-engine installations, providing the correct abscissa is used as noted on the plot.

Line pressure drops were varied as a function of bleed rate to approach more closely

actual losses: 15, 12, and 10 percent pressure drops for bleed rates of 10, 8, and

6 percent, respectively. However, for the cases where 100 percent of the control

requirement on a single axis is specified, a line pressure drop of 20 percent was

used. These pressure drops were substantiated for the N-309 duct layout, but are

applicable to the Mod. T-39A design. The data of Figure 4-7 provided the means to

establish the adequacy of any selected nozzle schedule in meeting specified control

requirements.

Although the requirement for 100 percent control about each axis separately

during light-weight hover was not critical, it sized the maximum and "null" nozzle

areas and dictated the mechanization of the control system. The lift-to-weight ratio

for the light-weight hover condition is 1.09 for the N-309 and 1.11 for the Mod. T-39A

based on empty weight. This allows a

weight and out-of-ground interference

N-309 and Mod. T-39A, respectively.

about each axis simultaneously during

fuel margin equal to 5 percent of the empty

lift losses of 4 percent and 6 percent for the

The control requirement of 60 percent control

light-weight hover with all engines operating

proved critical due to reduced control thrust at the low engine speeds for hover at

light weight. The other simultaneous critical control requirement was for 20 per-

cent control in pitch and yaw and 50 percent in roll while hovering at the light-weight

condition with one engine inoperative. Both of these control conditions were evaluated

at maximum power to establish the ratio of lift-to-design gross weight available with

these amounts of simultaneous control applied. The critical performance-control

requirement was a. lift/design weight ratio of 1.05 in ground effect while providing

control power equal to 80 percent in pitch and 50 percent in roll and yaw. Lift losses

in ground effect were 15 percent for the N-309 and 17 percent for the Mod. T-39A,

which raised the required L/W ratios to 1.20 and 1.22.
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4-9



NORTHROP NORAIR

FIGURE 4-7, CONTROL THRUST PER UNIT AREA

VERSUS TOTAL NOZZLE AREA (EFFECTIVE AREAS)
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All other specified control and performance-control requirements were less

critical than the above.

4.3.2 N-309 (New Airplane)

Nozzle area schedules for the new aircraft design (N-309) in the composite-lift

mode are shown in Figure 4-8. As indicated for the pitch/yaw nozzle, both nozzle

areas increase when the nozzles are rotated beyond 40 degrees. The reason for this is

to limit the amount of rotation required to obtain the required maximum yaw moment

and still retain "null" areas sufficiently small so as to allow the attainment of maxi-

mum required roll moments without forcing a reduction in pitch nozzle areas. This

also applies to the "null" areas of the roll nozzles which were sized to allow maximum

pitch control with no change in roll nozzle areas. Each roll nozzle is scheduled to

open an additional 2.2 sq. -in. after the opposite nozzle closes and before it starts to

discharge in the up direction. This presents no problem in the mechanical design of

the nozzle area-control system, but allows the attainment of 50 percent of the available

roll control with minimum cross coupling into the pitch axis and lift.

The total nozzle area with all nozzles at their respective null areas for the

zero control demand case is 23.3 sq. -in. The resulting bleed rate varies only slightly

from 8.0 percent in the engine speed range of interest between 92 and 99 percent rpm.

An effective total nozzle area of 32.0 sq.-in, results in a bleed rate of 10.0 percent,

the nominal limit bleed rate of the YJ85-19 engine.

Based on the nozzle schedules (Figure 4-8) and the data of Figure 4-7, plots of

available control moments for engine speeds of 92 and 99 percent RPM were constructed

and are shown in Figures 4-9 and 4-10 for pitch and yaw and in Figure 4-11 for roll.

These data show that the control system provides more than 100 percent of the light-

weight control requirements for separate axes at an engine speed of 92 percent RPM.

With reference to Figure 3-18 (Section 3) an engine speed of 91 percent RPM is re-

quired to hover with 100 percent pitch control, since all the control thrust is contri-

buting to lift. The engine speed required to hover with maximum yaw and roll control

applied separately is about 91.5 percent RPM due to control system lift losses: 450

pounds for yaw and 380 pounds for roll. Figure 4-12 presents a schematic of the con-

trol system and tabulates pertinent operational information for the critical simultaneous

control requirements and shows that the control requirements were met.
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I_IGUR]D 4-ii;_ AVAILABLE ROLL CONTROL MOMENT
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Another control requirement stipulated that 50 percent control about each axis

shall be available when the controls are fully deflected. With the controls fully de-

flected the total nozzle area is about 1.4 times that required to pass an airflow equal

to the maximum bleed rate of the engines. The maximum bleed rate of the YJ85-19

is internally limited to 10 percent of compressor airflow with no adverse operational

effects resulting from increasing the end flow area above that just required for maxi-

mum bleed airflow. However, the nozzle total pressure decreases due to the upstream

choking to a value satisfying flow continuity with a resulting nozzle thrust loss. The

thrust loss trend is shown in Figure 4-13 as a function of area increase above optimum

for engine power settings of 92 and 99 percent RPM. These data show only a 10 per-

cent thrust loss for a 40 percent area increase with all engines operating. With one

engine inoperative and the remainder at maximum power, the control thrust loss will

not exceed 14 percent of that available at optimum areas.

In the direct-lift configuration, the required control moments are not signifi-

cantly reduced although the takeoff weight is reduced to 16,300 pounds from 18,000

pounds for the composite-lift mode. With one less engine supplying bleed air, the

described control system for the composite-lift mode will not provide the required

100 percent control moments during hover at light weight. Therefore, nozzle schedules

were altered as shown in Figure 4-14 to obtain a system that would satisfy the require-

ments. In this system the roll nozzles open only on demand with one nozzle exhausting

downward, and the other upwards. This reduces bleed air requirements for nominal

roll moments, and eliminates cross coupling into the pitch axis, since there can be

no net lift from the nozzles regardless of the applied roll moment. However, lift

changes equal to the thrust of one nozzle result. Pitch nozzle "null" areas were

reduced to 8.0 sq.-in, for zero pitch demand to yield a bleed rate of 6 percent for

zero control demand on all axes. Yaw moment is again obtained by swiveling the

pitch nozzles, but with areas of both pitch nozzles increasing in accordance with the

shown schedule. The table on page 4-22 tabulates nozzle areas and control thrust

provided by the system during hover at light weight.

The trends of available control thrust and lift with engine speed with control

thrusts proportioned to meet the 60-60-60 and 20-50-20 control requirements at light-

weight hover are shown in Figure 4-15. Figure 4-16 is a similar presentation showing

the L/W ratios available and still providing 80-50-50 control with all engines and

20-50-20 control with one engine inoperative. These data show that all requirements

were met.
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FIGURE 4-13. THRUST LOSS DUE TO UP STREAM CHOCKING
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FIGURE 4-15. AVAILABLE CONTROL THRUST AND LIFT

VERSUS ENGINE SPEED
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N-309, Direct-Lift Mode
100 Percent Individual Axis Control

Light-Weight Hover
Pitch Morn-Arm-- 22.0 ft. Roll Mom-Arm_ 18. 0 ft.

Req. Control
Moment _ Ib-ft

Pitch_ 30,445
Yaw _ 23,328

I Fwd[ Noz.

A _ in 2 Thrust _lb

25.0 1385
13.5 745

A_t.. Noz.

AN in IThrust _ lb

130.5 I 705
SwivelIW J[Angle WA L/W

0 .091 1.09
47 .097 l. 09

92.
93.21

Roll _ 11,627

L.H. Noz.

A _ in 2 I Thrust _lb

6.1 dn I 326

R.H. Noz.
A _ in 2 Thrust_ lb

6.1 up 326 °Jl IWA L/W R P M

• 10 1.09 93.0

The different nozzle schedules indicate that the nozzle control system, if not

the nozzles themselves, would have to be changed when the N-309 was converted to the

direct-lift mode of operation. However, the nozzle schedules shown for the direct-

lift configuration would also be suitable for the composite-lift mode with only minor

consequences to the lift capability.

4.3.3 Mod. T-39A

Either of the two nozzle schedules shown for the N-309 could be used for the

Mod. T-39A airplane with suitable increases in the nozzle areas to accommodate bleed

air from ten engines. The N-309, direct-lift mode, system was used as a model to

demonstrate adequate control power for Mod. T-39A, with nozzle schedules as shown

in Figure 4-17.

System operation for the light-weight hover case at L/W = i. ii with I00 per-

cent control power about each axis separately is shown in the table on page 4-26.

Control and lift available as a function of engine speed for the simultaneous

control requirements of 60-60-60 with all engine operating and 20-50-20 with one L/C

engine inoperative are shown in Figure 4-18. The performance-control test case of a

L/W of I. 22 and a simultaneous 80-50-50 control requirement is shown in Figure 4-19.

For this case the interference lift loss of 17 percent is added to the basic lift margin

of 5 percent.

As indicated, the available control power and lift met the requirements.

4-22
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FIGURE 4-17. MODE T-39A COMPOSITE-LIFT MODE NOZZLE SCHEDULES
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FIGURE4-18. AVAILABLE CONTROLTHRUSTAND LIFT
VERSUSENGINE SPEED
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Mod. T-39A Composite-Lift Mode
100 Percent Individual Axis Control

Light Weight Hover
Pitch Mom-Arm_22.3 ft. Roll Mom Arm--23.2 ft.

[_eq. Control
Moment_lb-ft

Pitch_29,700

Yaw _ 24,900

A _iFn_d. Noz.Thrust_lb

25.0

16.8

1360

900

Aft. Noz.

A_in2 Thrust_lb

0 0

16.8 900

Roll _ 17,900

L, H, Noz.
A,--in 2 Thrust_lb

7.5 up 387

R.H. Noz.
A--4n 2 Thrust---lb

7.5 dn 387

swivelLwBJIAr_le WA L/W RPM

0 .078 I1.11 91.8

38 095 il. 11 92.3

WB/
WA

• 098

L/W RPM

i.ii 92. I

4.4 CROSS COUPLING

As previously stated, the objective of the control system design was to minimize

control cross coupling into the remaining axes and changes in lift on the application of

a control moment.

The application of a pitching moment produces insignificant lift changes and no

roll moment, since the sum of engine and control thrust remains essentially the same

for small change s in bleed rate.

In the N-309 design, the roll nozzles are 30.0 inches aft of the center of pitch

rotation. Therefore, any change in the net lift of the roll nozzles induces a pitching

moment. Induced pitching moment and lift resulting from the application of roll control

during hover are shown in Figure 4-20. No pitch or lift changes are induced up to

50 percent of the maximum roll requirement and only changes of 300 lb. in lift and

700 Ib-ft in pitch for a maximum applied roll moment.

The application of yaw control introduces no roll moment providing the line-of-

reaction of the pitch nozzle intersects the roll axis, which is assumed for the current

designs. As shown by Figure 4-21 the application of only a yaw moment causes only a

lift loss due to angularity of the pitch-yaw nozzle to the vertical. The lift loss is

300 Ib for a i00 percent yaw moment. For the simultaneous application of pitch and

yaw, a side force of 620 ib results in addition to the lift loss, as also shown in Figure

4-21 for the simultaneous 60-60-60 control case. With a pitch moment of 60 percent

of the maximum established, the application of a 60 percent yaw moment induces an

4-26
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FIGURE 4-20. PITCH AND LIFT CROSS-COUPLING RESULTING FROM

APPLICATION OF ROLL CONTROL DURING HOVER
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additional pitching moment of 4000 lb-ft, which requires compensation by the pilot to

retain the same pitching moment. This is well within the capability of the pitch con-

trol system since, as previously shown, the available pitch control for the stabilized

60-60-60 control case was more than adequate which includes this induced pitching

moment.

The above data was directly applicable to only the composite-lift airplane.

However, the only major difference between the direct-lift control system and the

composite lift is in the roll system. In the direct-lift system, the induced lift loss

will be proportional to the applied roll moment, attaining about 300 lb for full roll

application. There is no induced pitch moment due to applied roll moment.
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5.0 STRUCTURES
i

5.1 STRUCTURE - MODE L N-309

The N-309 wing, fuselage, and empennage preliminary structural arrangements

are shown in Figures 5-1 (AD 4501), 5-2 (AD 4500), 5-3 (AD 4502), respectively.

The cockpit enclosure is shown in Figure 5-4 (AD 4504). A description delineating

the details of each major component follows.

5.1.1 Wing Group

The wing is a full cantilever all metal structure, consisting of a basis wing

box structure, leading edge and trailing edge flaps, ailerons, trunnion supports for

the main landing gear and all necessary ducting, fairing, and supports for mounting

the lateral reaction jet controls at the wing tips. Access doors are provided for

servicing all controls and movable surface activators.

5.1.1.1 WING_....._.The basic structure of the main wing box consists of a two-spar

multi-rib type construction with upper and lower stringer stiffened covers. The front

spar is located at the 20 percent line and the aft spar at the 54 percent line. The

ribs are spaced at 10 to 11 inch intervals. An auxiliary spar is located at the 70

percent line and is used to mount the supports for the trailing edge flaps and the

ailerons. The center section wing box consists of front and rear spars and upper and

lower stringer stiffened covers. The center section and outboard panel wing box spars

and skin panels are structurally joined at the wing trunnion attaching ribs. An ex-

ternal doubler is used to reinforce the skin joint at the trunnion rib. The wing

attaches to the fuselage by four bolts connecting the wing trunnion ribs to four

trunnion fittings mounted on the fuselage lower longerons.

The main landing gear trunnion is supported at the landing gear trunnion support

rib and the rear spar of the wing box. The rear spar is structurally joined to the

trunnion support rib to form an integral support for the landing gear trunnion.

The roll control air ducting, with internal duct temperature of approximately

500, F_ enters the wing box ,a¢ the qL of the airplane, branching into the center of

each wing box and terminating at the roll control nozzle located in each wing tip
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fairing. Insulation is wrapped around the air ducting to a point, a few inches outboard

of W.S. 125 where, due to limited clearance with the substructure, it is terminated.

In this area of the wing box, outboard of W.S. 125, where structural temperatures are

expected to exceed 220 F, titanium alloy skins and substructure are used. The for-

ward half of the roll control nozzle fairing is made of stainless steel while the aft half

is made of aluminum alloy. All skin panels and substructures where temperatures

are not expected to exceed 220 F are made of 7075-T6 aluminum alloy.

An extended leading edge fairing forms the inboard leading edge of the wing,

terminating inboard of the leading edge flap. A shear pin forms the only structural

tie between the inboard side of the fairing and the fuselage.

5.1.1.2 AILERONS. The ailerons are of conventional design and construction

utilizing 7075-T6 aluminum alloy material. The basic structure consists of a front

spar, upper and lower skins, a trailing edge strip and ribs spaced at approximately

10 inch intervals. The aileron is attached to the wing by means of a piano type hinge

mounted to the upper surface of the rear spar of the wing. The ailerons will be

balanced statically and dynamically as determined by analysis.

5.1.1.3 TRAILING EDGE FLAPS. The trailing edge flaps are of conventional design

and construction utilizing 7075-T6 aluminum alloy material. The basic structure

consists of a front spar, leading edge and trailing edge ribs, spaced at approximately

10 inch intervals, contoured leading edge skin, and upper and lower aft skins, splicing

at the front spar and a trailing edge strip. The flaps are externally hinged, to provide

the required motion, at three locations along its span. Anti-friction type ball bearings

are used at each pivot point. The flaps are supported by means of three flap hinge

supports externally mounted to the aft portion of the main wing structure. The trail-

ing edge flaps extend from the outboard side of the L/C engine nacelle to the inboard

side of the ailerons.

5.1.1.4 TURNING VANES. The basic structure consists of a formed front spar, ribs

spaced at approximately 10 inch intervals, upper and lower skins and a trailing edge

strip. All materials are 7075-T6 aluminum alloy. The vanes rotate about the

of a piano type hinge mounted at the forward lower portion of the vane front spar and the

lower flange of the rear spar of the main wing structure. The motion of the vane is

slaved to that of the flap by three pushrods having anti-friction ball bearing rod ends.

The upper end of each push rod is attached to a rib of the turning vane by means of a
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fitting while the lower end attaches to a flap hinge fitting. The turning vanes extend

from the outboard side of the L/C engine nacelle to the inboard side of the ailerons.

5.1.1.5 LEADING EDGE FLAPS. The basic structure of the leading edge flaps

consists of a spar, ribs spaced at approximately 10 inch intervals and a contoured

leading edge skin. All materials are 7075-T6. The flap pivots about the _ of a

piano type hinge mounted on the lower flanges of the flap spar and the forward spar of

the wing box. The leading edge flaps are made in two sections with the inboard

section extending to approximately W.S. 80 and the outboard section extending to a

point just inboard of the reaction control nozzle fairing.

5.1.2Body Group

The body group consists of the fuselage structure and all integral provisions for

attachment of the wing, empennage, left/cruise engine nacelles, installation of the

lift engines, crew-compartment, subsystems, fuel and equipment.

5.1.2.1 FUSELAGE. The arrangement of the fuselage consists of a nose section

housing the flight test boom and pitch/yaw control nozzle; a forward section housing

the crew compartment, nose landing gear and equipment and/or payload; a center

section housing the lift engines, fuel cells, wing carry through structure and attaching

structure for the lift/cruise engine nacelles and an aft section supporting the empennage,

tail bumper and pitch/yaw control nozzle fairing.

The basic structure consists of upper and lower longerons, skin panels and

vertical frames or bulkheads spaced at approximately 6 inch intervals to minimize

acoustically induced fatigue failure of the skins. In the forward section of the fuselage

three equipment bays are provided, one aft of the pitch/yaw control nozzle fairing,

one below the front cockpit floor and another aft of the rear cockpit bulkhead. A fuel

bay floor is provided at the level of the lower longeron in the area of the aft equipment

bay. Access to the fuel bay is through the equipment bay by means of stressed doors

provided in the fuel bay floor. The nose wheel trunnion mounts on two fittings attached

to two longitudinal beams which also form the structural housing into which the gear

retracts. The wheel door is mounted to a piano type hinge which attaches to the out-

board trunnion support beam. The C_ of the nose wheel strut is offset six inches to

the left of the airplane _. Glass fiber matting is provided between the inner and

outer skin panels of the crew compartment to insulate the cockpit area from the noise
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environment. In the center section of the fuselage, intermediate bulkheads divide the

engine bay into four compartments for housing the lift engines. Two lift engines are

housed in each of the forward three compartments and one lift engine plus the lift ex-

haust nozzles from the L/C engines in the aft compartment. Supporting structure is

mounted between bulkheads for attaching the lift engine support mounts and a vertical

longitudinal firewaU between each pair of engines. Double hinged air inlet doors are

provided over each lift engine. These doors are attached to the upper longerons by

means of a piano type hinge. Double hinged exhaust doors are provided for the lift

engines in the forward three compartments. These doors are attached to the lower

longerons by means of a piano hinge. Bomb-bay type exhaust doors are provided

for the aft lift engine. These doors are mounted on structural members, with

integral piano-type hinges, attaching to the forward and aft bulkhead of the engine

compartment. Thrust vectoring doors are provided for the lift exhaust nozzles of

the L/C engines. Hinge supports, containing anti-friction bearings, for these doors

mount on an auxiliary bulkhead. A reinforced opening is provided at each side of the

fuselage to permit entry of the lift exhaust nozzles of the L/C engines and supporting

structure provided for mounting the nozzle to the fuselage. Supporting structure is

also provided for attaching the L/C engine nacelles to the fuselage. The wing support

trunnion fittings are mounted to the lower longerons. Removable access panels are

provided to permit access to engine controls, accessories and plumbing and to the

fuel bay over the wing box.

The aft section of the fuselage consists of supporting structure for mounting the

pitch/yaw control nozzle fairing, the tail bumper and the horizontal and vertical

stabilizers. The lower portion of the tail bumper incorporates a removable aluminum

honeycomb core stub which may be easily replaced if damaged during a tail first

landing. The torque tube of the horizontal stabilizer is supported by two anti-friction

type bearings mounted in housings attached to each side of the fuselage. The three

tie down fittings of the vertical stabilizer pass through the top skin of the fuselage

and attach to the upper webs and flanges of their supporting fuselage frames. Access

doors are provided on the top of the fuselage, at each side of the rudder post to

permit servicing of the rudder actuators. A removable panel is provided aft of the

lift/cruise engine nacelle to permit entry to the fuel and equipment bays and to

permit servicing of the horizontal stabilizer actuators. Adequate removable panels

are provided on the underside of the fuselage, in line with the control air ducting

to permit easy inspection and servicing.
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5.1.2.2 LIFT/CRUISE ENGINE NACELLES. The arrangement of each engine

nacelle incorporates a nose section housing the air inlet duct, a center section hous-

ing the engine and its accessories and an aft fairing housing the exhaust tail pipe.

The basic structure consists of upper and lower longerons, skin panels with

frames and intercostals spaced so as to minimize acoustically induced fatigue failure

of the skins, and supporting structure for attaching the nacelle to the fuselage. The

upper portion of the nacelle, in the vicinity of the engine, is made removable to

permit engine installation and/or removal. The lower main engine mount is supported

on the upper outboard longeron while provisions are made for attaching the upper

mount to the sub-structure of the engine removable access panel. Firewalls are

provided around the periphery of the engine and removable access panels added to permit

access to critical engine controls and accessories. The forward portion of the nacelle

passing over the wing box is not structurally attached to the wing in order to prevent

any wing loads from being transferod to the nacelle structure.

The major portions of the skins and substructure of the nacelles and fuselage

are made of 7075-T6 aluminum alloy. Firewalls, pitch/yaw control ducting and

nozzle fairings, engine compartment bulkheads are made from stainless steel alloy

material. The thrust vectoring doors and local structure where temperatures may

exceed 220 F are made of other heat resistant material.

5.1.3 Empennage

The empennage group consists of a fixed vertical stabilizer mounting a rudder

assembly and a movable horizontal stabilizer, fuselage mounted. It also includes all

provisions for mounting the surfaces to the aft section of the fuselage.

5.1.3.1 HORIZONTAL STABILIZER. The horizontal stabilizer consists of a left

and right hand assembly integrally connected by torque tubes which are structurally

joined atthe _ of the airplane. The torque tube is supported by anti-frictiontype

ball bearings mounted in bearing housings attached to each side of the fuselage. An

eight inch radius horn fitting mounts on the torque tube of each stabilizer assembly

and the se are attached to the rod end of the hydraulic actuators used for moving the

surface.

The basic structure of the stabilizer consists of a 50 percent line spar multi-rib

type of construction with upper and lower stringer stiffened covers. The leading and

trailing edge covers are spliced at the spar caps. In addition the trailing edge covers

are joined to an alurnininn trailing edge strip which runs the span of the trailing edge

5-9
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up to the tip caps. The tip caps are of aluminum honeycomb core construction while

all skins and substructure of the stabilizer are of 7075-T6 aluminum alloy material.

5.1.3.2 VERTICAL STABILIZER. The vertical stabilizer consists of a fixed

cantilevered fin mounting a rudder assembly. A removable laminated fiberglass tip

cap is provided for housing the VHF antennas. A recognition light and rotating beacon

light is mounted below the tip cap. A fuel vent tube is installed for venting the fuel

tanks past the trailing edge of the fin at a point above the rudder.

The basic structure of the fin incorporates a leading edge assembly and a main

box assembly. The leading edge assembly consists of a contoured stringer stiffened

cover and ribs spaced at approximately 12-inch intervals. The basic structure of the

main box structure consists of a three spar multi-rib type of construction with left and

right hand stiffener reinforced covers. The front spar attaches to the leading edge

skin and ribs while the rear spar incorporates a hinge fitting for mounting the rudder.

The other rudder support hinge fitting is attached to fuselage frames at the _ of the

airplane. All rudder hinge s incorporate anti-friction type or ball bearings. The

_hree spars attach to the fuselage frames by means of tie down fittings while a closure

rib completes the structural tie between fin and fuselage.

5.1.3.3 RUDDER. The basic rudder consists of a front spar, trailing edge strip,

two end ribs and skin covers all bonded to an aluminum honeycomb core filler. The

rudder post, an integral part of the front spar, incorporates a horn fitting with two

diametrically opposite attach points for the rod ends of the hydraulic actuators used

for moving the surface.

The skins and substructure of fin and rudder, except for the tip cap and honey-

comb core are made of 7075-T6 aluminum alloy.

5.1.4 Cockpit Enclosure

The cockpit enclosure consists of a contoured one-piece windshield for the

forward cockpit and two one-piece canopies, one for each crewman. In addition, a

one-piece fiat windshield is provided for the aft cockpit to protect the aft crewman from

the wind and rocket blast exhaust resulting from ejection of the forward seat. Each

canopy is hinged along the right hand edge of the cockpit opening to provide easy access

to the cockpit. Locks and handles are provided on the left side of each canopy. Both

canopies may be locked or opened from both the inside and outside of the cockpit

enclosure. The cockpit locking system utilizes existing T-38 parts. The area in
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line with the ejection path of the crew seats contains no metal framework in order to

permit safe ejection through the canopy. All transparent panels are fabricated of

bi-axially stretched plexiglass (MIL-P-8184).

5.2 STRUCTURE - T-39A MODIFICATION

The T-39A structural diagram of the modified and unmodified fuselage and wing

are shown in Figure 5-5 (AD 4491). A description delineating the major modifications

to the wing, fuselage and empennage are given below.

5.2.1 Wing

A hole is provided through the center section wing box and substructure to

accommodate two of the lift engines. External doublers and local reinforcements

are added to retain structural integrity. The inboard end of the trailing edge flaps

are shortened approximately 12 inches to clear the new engine nacelles. The wing

ribs are modified to permit installation of the reaction control ducting. Other

modifications include: removal of existing wing tip cap and modifications of local

structure to permit installation of control nozzle fairing; installation of trunnion

supports and strut doors for new landing gear.

5.2.2 Forward Fuselage

Seventeen inches were added to the length of the nose to accommodate pitch/

yaw control nozzle. Other modifications include: a flight test boom installed; new

canopy and windshield; new ejection type seats, instrument panel and consoles, a

new nose gear and wheel fairing.

5.2.3 Center Fuselage

A 24-inch section was added to the fuselage forward of F.S. 206. Other

modifications include: removal of baggage and cabin compartment floors, emergency

escape hatch, entry doors and cabin windows; fuselage structure modifications

between F.S. 143 and F.S. 333.6, to accommodate lift engines, by adding new frames,

firewall bulkheads, provisions for engine mounts, and intake and exhaust doors;

upper longeron removed in left engine bay area and replaced by new relocated

longeron. In addition to the above, the existing cruise engine nacelles are removed

and replaced by new nacelles located forward of the existing ones.
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5.2.4 Aft Fuselage

Modifications to the fuselage aft of F.S. 333.6 include: structural modifications

for additional horizontal stabilizer deflection requirements and support provisions

for new longer stroke actuator; longeron, frame and stiffener modifications due to

removal of existing cruise engine nacelles and replacement by new nacelles; structural

provisions for installing tail bumper and reaction jet control nozzle fairing.

5.2.5 Vertical Stabilizer

The existing fin tip cap is removed and local structure modified to accommodate

new laminated fiberglass cap housing VHF antennas.

5.3 MATERIALS

All new structural components where temperatures are not expected to exceed

220 F will be made of 7075-T6 aluminum alloy material. Firewalls and control air

ducting and nozzle fairings will be constructed from stainless steel alloy material.

All other local structure where temperatures are expected to exceed 220 F will be

constructed of other heat resistant alloy material.

Special attention is given to materials in areas subjected to an elevated temp-

erature and acoustic environment. The final selection of these materials will include

considerations of cost, fabrication and reliability. The high temperature environment

varies from 500 F hot gas containment to 1320 F exhaust gas impingement for

durations exceeding five minutes. The primary areas of high temperatures are engine

bay compartment, reaction control ducts and nozzles including local structure in

which they are housed, and thrust deflection doors. While use of titanium will be

generally avoided because of its high cost, titanium alloys will be considered in

critical weight areas. The materials considered for design are discussed below.

5.3.1 Aluminum Alloys - Up to 220 F

The major portion of the primary structure, where structural temperatures are

not expected to exceed 220 F will be fabricated from 7075-T6 aluminum alloy

material. Within this temperature range this alloy possesses excellent strength to

weight ratios. In addition, the yield stresses are only approximately 13 percent

below the ultimate stress. Therefore a vehicle stressed to 100 percent of limit

design load (where the allowable limit design stresses are equal to the ultimate

stress of the alloy divided by 1.5), will posses a margin of safety over the allowable

yield stress of better than 30 percent.
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5.3.2 Titanium Alloys - Up to 600 F

The alpha-beta alloys, e.g., Ti-6A1-4V and Ti-8Mn have very good strength

at room temperature and posses good elevated temperature strength and stability

up to about 600 F.

5.3.3 Precipitation Hardening Stainless Steels - Up to 1200 F

Precipitation hardening stainless steels are excellent for high temperature in

an oxidizing atmosphere. The basic alloys considered are:

(a) PH 14-8Mo: a higher toughness and fatigue strength version of the

better known PH 15-7 Mo. This alloy is weldable and formable.

(b) AFC-77: a maraging stainless steel with excellent strength and

oxidation resistance up to 1200 F.

(c) Austenitic Stainless Steels or "18-8" Stainless: an excellent low cost

weldable, formable material with good errosion resistant properties.

5.3.4 Superailoys - 1200 F to 1800 F

Exposure above 1200 F for extended periods of time with high loads requires

alloys with a nickel or cobalt base. Superalloys are planned for the thrust deflector

doors. The standard alloys considered in these areas are Rene' 41 and Inconel X.

Both are weldable and formable within certain limits.

5.3.5 Thermal Insulation

The containment of the thermal environment can be accomplished by utilizing

metals with high reflectivity and by using materials of low density and low thermal

conductivity. The latter materials include fibrous mats of silica, alumina, and

asbestos fibers for temperatures to 1300 F. Low thermal conductivity insulation is

wrapped around the control air ducting and utilized between interface areas of steel

and aluminum.
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5.4 STRUCTURAL DESIGN CRITERIA

5.4.1 Maneuver Load Factors

New aircraft will be designed to limit maneuver load factors of + 3.75 g and

- 1.5 g. In flight operations, the aircraft will be restricted to 80 percent of these

load factors.

Design load factors are not specified for modified aircraft. The most feasible

acceptable limit load factors will be determined for the modified aircraft. Existing

structure of modified aircraft, which has been static tested, can be operated to

100 percent of the allowable limit load factors determined. New structure added to

the modified aircraft will be designed to 1.25 times the allowable load factors.

5.4.2 Airspeed

Maneuver loads for new aircraft will be based on a maximum speed envelope

of 450 KEAS (q = 685 PSF) or 0. 80 Mach, whichever is lower. The 450 KEAS defines

the speed envelope from sea level to 9, 000 feet altitude. Above 9, 000 feet the speed

envelope is defined by the 0.80 Mach number (refer to Figures 5-6 and 5-7).

The most feasible speed envelope will be determined for modified aircraft to

be used in conjunction with allowable maneuver load factors.

5.4.3 Atmospheric Gust

To avoid excessive loads resulting from atmospheric turbulence, the following

analyses will be conducted:

1. Speed restrictions will be determined so that the loads resulting from a

50 fps vertical gust (U d ) do not exceed the allowable operating loads.
e

2. Using the maneuver speed envelopes, the allowable gust velocities will

be determined based on the allowable operating loads.

3. The speed restrictions imposed by Item 1 must result in an adequate

operating envelope to satisfy the primary objectives of the research

vehicles.
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5.4.4 Landing Loads

The structure will be designed to the loads resulting from conventional and

vertical landings. The method of analysis and criteria of MIL-A-8862(ASG) will be

used where applicable.

The following landing conditions will be used for design of new aircraft:

1. Conventional landing - 12 fps sink speed with 1.0 g lift.

2. VTOL landing - 15 fps sink speed with 2/3 hovering thrust.

conditions will be considered:

a.

The following

The aircraft structure (except for the landing gear) will be designed

for a 15 fps sink speed with a side velocity of 5 knots. The landing

gear itself will be designed to the helicopter obstruction requirements

of MIL-S-8698 at 15 fps vertical sink speed.

Do

produced by a VTOL sink speed of 10 fps with the aircraft in a 10

degree banked attitude.

Modified aircraft will be designed to the most feasible sink speed entailing

reasonable changes.

Structure and landing gear will be capable of withstanding the loads

5.4.5 Ground Handling

Loads due to towing, jacking, hoisting, and mooring will be based on

MIL- A-8862 (ASG).

Provisions will be made for towing by the nose wheel and will accommodate

towing speeds of 20 mph maximum over smooth and hard surfaces and 3 mph maximum

over soft surfaces.

Removable hold-back and tie-down fittings for engine thrust tests will be

included.

5.4.6 Crash Loads

The loading conditions of MIL-A-8865(ASG) will be used to provide protection

for the crew under crash conditions.
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5.4.7 Pressurization Loads

Not applicable.

5.4.8 VTOL Test Stand

The aircraft will be designed to the most severe combination of loads to be

encountered during ground testing on a VTOL test stand.

5.4.9 Wind Tunnel Tests

Support system attachment points for tests in the 40 by 80-foot wind tunnel at

NASA Ames Research Center will be included in the design of the aircraft. A maxi-

mum dynamic pressure of 120 psf in the wind tunnel will be used. Design conditions of

angle of attack, sideslip, etc. will be determined through discussions and agreement

with NASA.

5.4. 10 Flutter Characteristics

The aircraft will be free from divergence, flutter, buzz, or other aeroelastic

instability throughout its flight and weight envelopes. MIL-A-8870 will be used as a

guide for flutter requirements.

5.4.11 Service Life

Design of any new primary structure of the aircraft will be on a failsafe basis

to the maximum extent feasible. Structural design will be based on a minimum

service life of 300 hours with a scatter factor of 4.0 distributed in the following

manner:

i.

2.

3.

4.

5.

6.

100 hours in a conventional flight cruise at 6,000 feet altitude.

100 hours at climb speed at 3,000 feet altitude.

100 hours at transition speeds at 3,000 feet altitude and below.

40 routine maneuvers per hour shall be included.

4 V/STOL landings and transitions per flight hour shall be assumed.

Compatible life shall be established for components such as control

surfaces, doors, etc.
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5.4.12 Acoustic and Thermal Environments

The structure will be designed to the acoustic and thermal environments

expected. Available test data will be used as much as possible to predict these

environments.

5.5 BASIC LOADS - MODEL N-309

5.5.1 Discussion of Loads

Bending moments on the fuselage are compared on the basis of limit load for

symmetrical maneuvers and conventional landing (refer to Figure 5-8). Limit

bending moments are used for the comparison because landing loads are not analyzed

on an ultimate basis. Ultimate fuselage shears and bending moments for symmetrical

maneuver conditions are presented in Figures 5-9 and 5-10. Fuselage shears and

bending moments for landing conditions are also presented in Figures 5-11 and 5-12.

Landing loads are presented as design loads in accordance with paragraph 3.1.3 of

MIL-A-8862(ASG). Fuselage loads for conventional landing are, generally, more

severe than for vertical landing. Although the vertical landing conditions are based

on a higher sink speed, they include 2/3 hovering thrust on the lift engines, which

relieves the fuselage loads, and do not include the horizontal spin-up and spring-back

loads which produce pitching accelerations in conventional landing. Fuselage loads

for vertical landing with a side velocity of 5 knots have not been analyzed in this

study phase. Loads resulting from the control jets will affect only local structure.

Wing loads are presented in Figure 5-13 for a + 3.75 g symmetrical maneuver

and represent maximum bending moment on the wing. Conditions with deflected

ailerons or flaps will produce wing torsion conditions but these have not been calcu-

lated at this time since the detailed aerodynamic distributions have not been determin-

ed. Forces produced by the control jets at the wing tips are not critical for the

primary wing structure but must be considered for local structure.

5.5.2 Load Conditions Investigated

5.5.2.1 SYMMETRICAL FLIGHT MANEUVERS. Fuselage loads are computed for

+ 3.75 g and - 1.5 g assuming zero airloads on the fuselage but including a balancing
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FIGURE 5.13. ULTIMATE WING SEMI-SPAN NET LOADS
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horizontal tail airload. Horizontal tail airloads based on preliminary aerodynamic

data are included in the aft fuselage loads. Tail loads used are 2, 200 pounds up load

at + 3.75 g and 880 pounds down load at - 1.5 g.

Wing loads are computed for + 3.75 g using a rigid wing and represent

maximum positive bending moment on the wing. Due to the subsonic Mach range of

the airplane, the wing loads are based on a chordwise center of pressure at 25 percent

of the wing chord. Wing loads for - 1.5 g are not computed but would produce

negative loads with a magnitude equal to approximately 40 percent of those computed

for +3.75 g.

5.5.2.2 LANDING CONDITIONS. Landing gear loads are computed for conventional

landings and vertical landings. Main gear loads in vertical landing with obstruction

criteria are computed.

Based on the landing conditions investigated, the two point conventional landing

conditions result in the highest vertical bending moments on the fuselage. The method

of analysis used is that of MIL-A-8862(ASG). Conditions for which fuselage bending

moments are shown are:

1. Two point level spin-up

= 2.59 g limit _" = -4.79 Rad./See. 217z -y

5.5.2.3

e

i

limit

17z includes 1.59 g gear load factor plus 1.0 g due to wing lift = weight.

_'yiS nose down pitch acceleration produced by main gear loads.

Two point tail down spring-back

_z = 2.81 glimit _y =+0.64 Rad./Sec. 2 limit

17z includes 1.81 g gear load factor plus 1.0 g due to wing lift = weight.

is nose up pitch acceleration produced by main gear loads.
Y

FORCES DUE TO ATTITUDE CONTROL JETS. The following forces and

locations were used:

Forward fuselage at F.S. 121.8

Aft fuselage at F.S. 649.8

Wing tips at W. S. 228

1460 pounds up

1460 pounds up

390 pounds up or 324 pounds down
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Forces due to control jets generally will not be critical on primary structure

except in the local areas of the installations.

5.5.2.4 GUST LOADS ON EXPOSED TAIL SURFACES. Loads due to gust are based

on a equivalent gust velocity (U d } of 50 fps and a flight condition of 0.75 Mach,
e

Ve = 450 Knots, q = 685 psf.

Estimated lift curve slopes for the exposed surfaces at 0.75 Mach are:

Horizontal Tail: Cla = 0.30 per Rad. Total for Both Surfaces

Vertical Tail: Cla = 0.65 > per Rad.

2
Reference Area; = Swing = 210 Ft.

Gust loads on exposed tail surfaces due to 50 fps gust

Horizontal Tail- 1,285 pounds limit per side.

Vertical Tail" 6,230 pounds limit

Loads assumed to act at 25 percent MAC of each surface.

5.5.2.5 DESIGN LANDING GEAR LOADS.

5.5.2.5.1

Condition

Three Point Level Nose

Spin-up

Spring-back

Max. Vert. Reaction

Two Point Level Main

Spin -up

Spring-back

Max. Vert. Reaction

Two Point Tail Down Main

Spin -up

Spring-back

Max. Vert. Reaction

Normal to Load
Gear Oleo Lbs. Point

Conventional Landin_ at 12 FPS Sink Speed.

Parallel to
Oleo Lbs.

4, 790 3,690 Axle

4, 790 -3,290

4,790 1, 200

14, 510 11, 960

15,080 -10, 230

14,970 4, 210

16,100 7,680

15,050 -11, 840

15,715 1, 110

Axle

Axle
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5.5.2.5.2 Vertical Landin_ at 15 FPS Sink Speed.

Two Point Level - Main Gear

22,700 pounds acting normal to the ground acting alone and in combination

with a horizontal load of 11, 350 pounds acting forward, aft, inboard,

or outboard.

Nose Down - Nose Gear

11, 500 pounds acting normal to the ground acting alone and in combination

with a horizontal load of 8,050 pounds acting forward, aft, inboard,

or outboard.

NOTE: Loads are positive up and aft.

5.5.3 Landing Gear and Landing Flap Extension

Maximum speed with landing gear or landing flaps in extended position is

220 knots.

5.5.4 Altitude Versus Allowable Mach for Gust Velocity (U d } = 50 FPS and Total
Load Factor = 3.0 g e

Allowable Mach numbers are shown over a range of altitudes for airplane

gross weights from take off weight to empty weight (refer to Figure 5-14). These data

are based on a gust velocity (U d ) of 50 fps and an incremental load factor due to gust

of 2.0 g. The curves show that et any given altitude the allowable Mach number

decreases as the airplane weight decreases and for any given weight the allowable

Math number increases as the altitude increases. It should be noted that the take off

weight and empty weight are unrealistic at altitude but are shown on the curves to

permit interpolation.

5.5.5 Altitude Versus Allowable Gust Velocity {Ude ) for Total Load Factor = 3.0 gat Maximum Speed of Ve = 450 Knots or _}. 80 Mach, Wl_ichever is Lower

Using the speed envelope proposed by NASA of 450 KNOTS EAS (q = 685 PSF)

OR 0.80 MACH, the curves indicate the gust velocity which will result in an incre-

mental load factor of 2.0 g at each altitude and airplane gross weights ranging from
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take off weight to empty. The data show that the allowable gust velocity decreases

with decrease in airplane weight. The allowable gust velocity also decreases with

altitude from sea level to 9,000 feet and then increases with altitude above 9,000

feet. Above 9, 000 feet the maximum speed is 0.80 Mach while below 9, 000 feet it is

450 KEAS based on a dynamic pressure of 685 PSF.

5.6 BASIC LOADS - MODIFIED T-39A

5.6.1 Discussion of Loads

Operating limitations will be established to assure that design limit loads will

not be exceeded on the existing T-39A structure retained for the V/STOL configura-

tion (refer to Figure 5-15). Available data indicate that the T-39A wing structure

has the capability of approximately + 3.3 g in the V/STOL configuration for positive

symmetrical maneuvers. Therefore, an operating limit of + 3.0 g is realistic. New

structure, which will not be static tested, will be designed to loads based on 1.25

times the operating limits to assure that loads experienced in actual operation do not

exceed 80 percent of design limit loads.

The allowable sink speeds versus aircraft weight presented in Figure 5-16 are

based on the landing gear proposed for the installation. Analysis of the backup

structure and possible beef-up are required. In general, considerable more data on

the T-39A structure and design loads are required in order to properly evaluate the

capability of the existing structure for the V/STOL configuration.

5.7 FLUTTER STABILITY - MODEL N-309

Flutter analyses of the wing, horizontal tail, and vertical tail of the Model

N-309 airplane show freedom from flutter* throughout the airplane speed range (to

*With the stipulation that the angular flexibility from the root of the horizontal tail

surface through the torque-tube and actuator must not exceed 64 x 10 -8 radians/lb-in

per side, the value used in Case 60 flutter analysis shown in Figure 5-18. This

value is achieved using the X-21 aileron actuator (with F-5 horizontal actuator linear

stiffness) on an eight-inch horn radius with the present torque tube design of five

inches between actuator and surface root.
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Mach 0.75), including a 15percent margin in equivalent airspeed obtained by analysis

at - 8,000 feet standard altitude. The analysis results are shownin Figures 5-17

through 5-19 asplots of necessary damping, g, versus knots equivalent airspeed,

KEAS. Stability is indicated by a "g" value less than 0.02. Computedfrequencies
in cps are shownby each plotted point.

The flutter analyses were performed in local coordinates, using subsonic,
lifting surface aerodynamic force coefficients, computedfor 0.75 Machnumber. A

seven-strip wing and five-strip tails were used. The wing and horizontal tail

were connectedto a rigid fuselage in free-free symmetric analyses; the vertical

tail was connectedto a rigid base in a cantilevered analysis.
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(Iq.! 1-83)

CHECKER

NORTHROP CORPORATION
NORAIR DIVISION

PAll

RfPORT NO.

DATE MODEL

Foreword

This report is one of a series of reports su_r, ltted by N_,rt:,rc,;,

Corporation - Noralr Divlslon per contract No. NAgl-6777 for the V/LT6L

.[er_ Operations Research Airplane Design Study.

Issued in general accordance with the requireT_ents of MIL-W-2%IA6

(ASC) for an estimated weight report. Justification of the weight

estimate, accuracy and contingency analyses are included.

Definitions

N-309
New Airplane

Drawing No. AD-4486A

VTOL Weight 18,000 los.

2 J85-19 Lift Cruise Engines

7 J85-19 Lift Engines (Space for 8)

T-39A
Modified Airplane__

- Drawing No. AD-4448A

VTOL Weight 20,200 lbSo

2 J85-19 Lift Cruise Engines

7 J85-19 Lift Engines (Space for I0)

5-11-3



ENGINEER

CHECKER

NORTHROP CORPORATION
NORAIR DIVISION

PASE

REPORT NO.

DATE MODEL

Section I

N-309

Drawing No. AD-4486A

New Airplane

I See Page i-3 of this report
or Page 5-H-92 of this section/
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Phase III

Mass Properties Data

PAGE

REPORT NO.

MODEL

Table of Contents

Page. Number

I

2

3-7

8-42

43

44-48

49
5O

51

52-78

79 -85

80

87

88

89

9O

91

92

93

94

95

96

97-101

I02

103

104

105

10b

107

I08

109

Title

Section I - New Airplane N-309

Design Gross Welght Summary

Summary Weight Staten_ent

AN-9103D - Group Weight Statement

AN-9102D - Detail Weight Statement

Airfranle Weight Derivation

Weight & Balance Calculations

Center of Gravity Diagram

Moment of Inertia Diagram

Graph - Hover Time vs. Operating Weight Empty

Weight Justification

Accuracy Analysis

Contingency Analysis

General Arrange_nent Drawing AD-4486A

Inboard Profile Drawing AD-4513

Structural Arrangement - Wing AD-4501

Structural Arrangement - Fuselage AD-4500

Structural Arrangement - Empennage AD-4502

Structural Arrangement - Main Gear AD-4493

Structural Arrangement - Nose Gear AD-4494

Hover Control System Drawing AD-4499

Section II - T-39 Modified Airplane

Design Gross Weight Summary

Surmnary Weight Statement

AN-9103D - Group Weight StatemJent

Airframe Weight Derivation

Center of Gravity Diagram

Moment of Inertia Diagram

Graph - Hover Time vs. Operating Weight Empty

Contingency Analysis

General Arrangement Drawing AD-4448A

Inboard Profile Drawing AD-4512

Structural Arrangement - AD-_91
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PAGE

2

REPORT NO.

DATE Sun_sry Weight Statement MOOEL

New Airplane N-309

AD-4486A

Composite

J-85s

Structure (4,568)

Wing 930

Tall 309
(incl. air induction

Body & exhaust doors) 2,537

Alighting Gear 792

Direct Lift

Propulsion & Nacelle (3,261)

Engine Installation 2,709

Swivel Nozzle/Diverter Valve 231

Engine Section, Nacelles

& Pylons 189

Air Induction 35

Exhaust & Cooling 14

Lubrication System_ 7

Engine Controls 50

Starting System 26

Constant Speed Drives .-

Fuel System ..

Power System,s

Surface Controls

Hydraulics

Electrical

Hover Controls (ducting & valves)

Equipment Groups

Instruments

Electronics

Furnishings & Equipment

Air Conditioning & Anti-Icing

Contingency

Weight Empty

Operating Weight Empty Items

Crew (2)

Unusable & Trapped Fuel

Oil

Operating Weight Empty

Usable Fuel

Payload

Maximu_n VTOL/Cross Weight

Lift/Cruise

(2,159)

784

150

(5,420)

491

36

138

2

28

15

140

375

(1,561)

508

190

335

528

( 869)

171

220

410

68

12,685

( 508)

400

45

63

13,193

4,007

800

18,000

5-11-7



AN-9103-D

SUPERSEDING

AN-9103-C

NAME

DATE

PAGE

MODEL

REPORT

N-309

N-309

AD-4486A

Composite Mode

New Airplane

GROUP WEIGHT STATEMENT
ESTIMATED.

(Cross out tiwse net el_licable)

CONTRACT NO.

AIRPLANE, GOVERNMENT NO.

AIRPLANE, COHTRACTORNO.

MANUFACTURED BY

t&l

Z
,.J

g
O
g

MAIN AUXILIARY

MANUFACTURED BY General Electric General Electric

MODEL J85-19 J85-19

NO. 2 7*

MANUFACTURED BY

DE_GNNO.

NO.

Provisions for 8

5-II-8
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AN-9103-D

NAME

DATE

GROUP WEIGHTSTATEMENT
Wg!GHT EMPTY

PAGE

MODEL

REPORT

4

N-309

I
I
I

I
I

I
I

I
I
I

I
I

1
I

I
I

I WING GROUP

2 CENTER SECTION . BASIC STRUCTURE 158

3 INTERMEDIATE PANEL . BASIC STRUCTURE

4 OUTER PANEL . BASIC STRUCTURE (INCL. TIPS O LBS.)

AILERONS (INCL. BALANCE WEIGHT 0 LBS.)

_4_
S

6 SECONDARY STRUCTURE (INCL. WlNGFOLDMECHANISM 0 LBS.) 82

7 30
FLAPS. TRAILING EDGE8 51

9 . LEADING EDGE 61

10 SLATS

11 SPOILERS

12 SPEED BRAKES

13

14

15 TAIL GROUP

16 STABILIZER- BASIC STRUCTURE - All Moveable 144

17

18
FINS . BASIC STRUCTURE (INCL. DORSAL LBS.)

SECONDARY STRUCTURE (STAB. & FINS)

ELEVATOR (INCL. BALANCE WEIGHT LBS.)
RUDDERS (INCL. BALANCE WEIGHT 0 LBS.)

19

20

21 Dorsal Fairin K
22 Ventral Fin/Skid

97

33

28
23 BODY GROUP

24 FUSELAGE OR HULL . BASIC STRUCTURE 1,751
25 BOOMS - BASIC STRUCTURE

26 SECONDARY STRUCTURE . FUSELAGE OR HULL 375

27 - BOOMS

28 - SPEEDBRAKES

29 . OO O RSr _8mKJnC_l_IM31K_
3O

31 )
32

33

34

35

ALIGHTING GEAR GROUP - LAND (TYPE: Tricycle

WHEELS, BRAKES
LOCATION

TIRES m TUBES a AIR

Main 170

Nose 26

36

37

STRUCTURe

330

159

38

39

FLOATS STRUTS

40 ALIGHTING GEAR GROUP .WATER

CONTROLS

I00

41 LOCATION ¢0NTE01,S
42

43

44

45

46 SURFACE CONTROLS GROUP

47 COCKPIT CONTROLS

_ Stability Au_mentor

49 SYSTEM CONTROLS (INCL. POWER& FEEL CONTROLS All LBS.)

5O

51 ENGINE SECTION OR NACELLE GROUP

$2 INBOARD

53 CENTER - Lift En&ines

54 OUTBOARD- Lift/Cruise Engines

SS DOORS, PANELS& MISC. (Incl. in nacelles)

Nacelles (Incl. 13 Ibs. Access Doors)

$7 TOTAL (TO BE BROUGHT FORWARD)

411

699
192

I
68

II_
322

189

146

345

930

309

2,537

792

508

680

5,756

5-]/-9



AN-910 3-D

NAME

DATE

GROUP WEIGHT STATEMENT
WEIGHT EMPTY

PAGE

MODEL

REPORT

N-309

I

I
I PRoPULSIoN GROUP

2 I
3 ENGINE INSTALLATION

AU]I IL iAIY -Li f t MAiN -Cru is e

4 AFTERBURNERS (IF FURN. SEPARATELY)

5 ACCESSORY GEAR BOXES & DRIVES - CSD

6 SUPERCHARGERS (FOR TURBO TYPES)

7 AIR INDUCTION SYSTEM

II EXHAUST SYSTEM

9 XJKI_ Swivel N,ozzle/Diverters
I0 LUBRICATING SYSTEM

11 TANKS (Inclo in Eng. Wt.)
i2 COOLING INSTALLATION

13 DUCTS, PLUMBING, ETC. 7

14 FUEL SYSTEM

TANKS-PROTECTEDIS

16 - UNPROTECTED

17 PLUMBING, ETC.

WATER INJECTION SYSTEM18

19 ENGINE CONTROLS

20 STARTING SYSTEM

21

22

PROPELLER INSTALLATION

Propulsion Sub-Totals23

24 AUXILIARY POWER PLANT GROUP

25 INSTRUMENTS & NAVIGATIONAL EQUIPMENT GROUP

26 HYDRAULIC & PNEUMATIC GROUP

27 Hover Control System _Ducting & Valves)

29 ELECTRICAL GROUP

30

31

32 ELECTRONICS GROUP

33 EQUIPMENT

34 INSTALLATION

35

36 ARMAMENT GROUP (INCL. GUNFIRE PROTECTION

37 FURNISHINGS & EQUIPMENT GROUP

ACCO/_DATIONS FOR PERSONNEL38

39 MISCELLANEOUS EQUIPMENT

40 FURNISHINGS

EMERGENCY EQUIPMENT41

42

43 AIR CONDITIONING & ANTI.ICING EQUIPMENT GROUP

44

45
AIR CONDITIONING & Equipment Coolin 8

ANTI-ICING - Cabin Dlfog

46

47 PHOTOGRAPHIC GROUP

48 AUXIL_IARY GEAR GROUP

49 HANDLING GEAR

SO ARRESTING GEAR

$1 CATAPULTING GEAR

52 ATO GEAR

$3

54

55 mlr___..Lk,,,_,-_._---._----_._ Contln_encv

56 TOTAL FROM PG. 2

2 ) 709

35

14

231

SO
26

(3072)

LBS.)

9Q
20_

784

140

36

138

150

375

28

(1668)

174

46

305

44

26
35

61

4_740

171

190

528

335

220

410

_8

267

5R756

I_ WEIGHT EMPTY 12) 685

I

I
I

I
I
I
I
I

I
I
I
I

I
I

I
I
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AN-9 I03-D

NAME

r% & *itc
L##, • i,.

GROUP WEIGHT STATEMENT
USEFUL LOAD & GROSS WEIGHT

PAGE

MODEL N-309

I LOAD CONDITION
2

3 CREW(NO. : }
4 PASSENGERS(NO.
S FUEL

6 UNUSABLE

7 INTERNAL-Fliaht

8 -Fli_ht

10 EXTERNAL
11

1'2 BOMB BAY

13

14 OIL (9 pounds per engine)
IS TRAPPED

16 ENGINE

17

18

19
FUEL TANKS (LOCATION

WATER INJECTION FLUID (

T1_pe

JP-4

2O

21 BAGGAGE

22 CARGO

23

24 ARMAMENT

2_ GUNS !Leceflen) FILet FleL

26
27

28

29

3O

31

32 AMMUNITION

33

34

SS

36

37

3,
39

*40

41

42

43

44

4S

QQIIh

6.9
JP-4 616.5

JP-4 369.8

GALS)

Qty. C,l.

INSTALLATIONS(BOMB,TORPEDO,ROCKET,ETC.)
BOMBOmTORPIE_ RACRS

Variaole StabiliLv System

NASA Research Eouinment

44 EQUIPMENT

47 PYROTECHNICS

48 PHOTOGRAPHIC

0

'S0 OXYGEN

Sl
53 MISCELLANEOUS
53
M
SS USEFULLOAD
s4 WEIGHT EMPTY

s7 _BOSSWEIGHT

Compos i

VTOL

40O

45

%007

63

500

300

5.315

12_685

18a000

:e Node

O_.,era_!n_."
y

AN_

45

63

12.685

13,193

• Direct ,

VTOL

4oo

45

2t4o4

7_

5o0

:,419

12.881

161300

fc Hode

Operati.g
Wt |,_1_,r.t v

4oh

45

7_

515

12,881

13,396

*II ,,oc apecified ms weilb¢ empty.

5-_-11



2

3

4

5

6

"7

8

^I,I-9 103-D

N AklI-;

11/l T I:.

i LENGTH -OVERALL (FT.) 55.58 HEIGHT OVERALL

LENGTH-MAX. (FT.) 1 l .......... 4 ..... |_46,!__

DEPTH -MAX. (FT.) ...... I..............Jr I- I 5.250
WIDTH -MAX. (FT,) .......... i ...... i- ....... :I .......... I 5-*-(_67

WETTED AREA (SQ. FT.) " - J ......... -_- ....... :::i:-:: ........ [;#2_-_

FLeAT OR HUL L DISP-L:_-:-_X_ :(L___S.:): :7:.... 1:_7--__:7:_--[--'_-__ :::: ..... :-:-:7_:. 77 7__. ___
FUSELAGE VOLUME (CU. FT.) PRESSURIZED

GROUPWEIGHTSTATEMENT PAGE 7
MODEL N-309

DIMENSIONAL & STRUCTURAL DATA
REPORT

STATIC FT.) 15,,33
-, .......... _.-U;ii, .............. :-
_Jllllll.gul_ _injli_ __Ot!b_l_-_J!_

-t:.........t---.......-- 40_

TOTAL

9 ........................................................................ I w-,_-,---r-.:To-,; f-v.-7;,/--
10 GROSS AREA - (S0.-FT.) ..................................................................... _--71-O--_I-66;6 - I--4_-;O-

!1 WEIGHT/GROSS AREA -il..-B$:/SQ; FT:) ................................................. --4 ---4;-_]_ ......1-,_5-:].i_ i_77

i2 SPAN (FT:) .................................................................... ::_1 _.$ .[---} $. 7-- k 7.6

13 FOLDED SPAN (FT.) / t

15 SWEEPBACK ' AT 25%CHORDLINE (DEGREE_I) .............................. 20 _- 27 i_- -- 7-iO-° " "

,6 - 7-:-_T-:_-_-C_a_D:L{,_E-i-O-_-__EE-S-i............................. :-:Z:T_£_-_-7_--_-:L_Z......
"* 17 IH EaR E TICAL _R_O_OT.CHORD-_L E HC,__TH_(/_N_CIIES) 101.5 ___78_..5____ 117,0

18 -MAX. THICKNESS (INCHES) 13.195 7.85 11070

*'19 CHORD AT PLANFORMBREAK -LENGTH (INCHES)

THEORETICAL TIP CHORD.LENGTH (INCHES) : 40.6 24.0 35.0

- _-- :- ......7_ x._.-T.i__K_N-E(S--(__"c_,E_s)_-_7_---_--::..7_-_--_-_------ - _---_- E-._;_i---_:- _-o- _.-7_._Lo
DORSAL AREA, IHCLUDED IN_ IV. TAILi AREA (SQ. FT.) 3.5
TAIL LENGTH -- 25% MAC WIHG TO 25% MAC H. TAIL (FT.) 15.0

AREAS (SQ; FT._) -: _.... -'i2_;[[_-E--- _ :23._-. .......... - ;r._. --- -23-;2 ....

Lme_al Conl_l all Spolla,

ALIGHTING GEAR (LOCATION) ___H_Q,S_

LENGT-H--OLE0 EXTEHDED---(_--A-XLE TO-_-TRUNNION (INCHES) __6__

OLEO TRAVEL. FULL EXTENDED TO FULL COLLAPSED (INCHES) 20.0

FI_OAT OR-S-K-i STRUT LENGTH (INCHES)

ARRESTING-HOCK L_I_-G-i;_H:(_ HOOK TRUNNION TO ¢= HOOK POINT (INCHES)

HYDRAULIC SYSTEM CAPACITY (GALS.)

FUEL & LUBE._SySTE_S - ......................... _Ca¢,ion I No. Tank, I ****GaiT. Prote¢tid
F _l - Internal Wing

20

**'21

22

23

24

25

26
27

28

29

30

31

32

33

34
35

36

39 . Externol

40 ....- _o-__.,
41
42" o,I--

h .....
45 sTRUCTURAL

46 FLIGHT
47 LANDING

48

49

LH_i__n_.__
L____8,_O____

No. Tankl ****Gah. Unprotected

DATA . CONDITION

Fu,e. _ Hull

MAX. ISS WEIGHT WITH ZERO WING FUEL

S0 CATAPULTIHG

51 Mill. FLYING WEIGHT

52 LIMIT tPLAHE LANDII.IG SINKING SPEED (FT./SEC.)

53 WING LIFT ASSUMED FOR LANDING DESIGN CONDITION (%W)

6 707.7

Fuel InWlngl (Lb,.) St,in G,oil Weigh! Uh. L.F.

o 181000 5.625

54 STALL SPEED - LANDING CONFIGURATION . POWER OFF (KNOTS)

55 PRESSURIZED CABIN - ULT. DESIGN PRESSURE DIFFERENTIAL - FLIGHT (P.S.I.)

56

57 AIRFRAME WEIGHT (AS DEFINED IN AH-W.11) (LBS.) 7,837 lbs.

*Lbs. of sea water (_ 64 Ibs./cu. ft.
**Parallel to il_ at ll_ llkplane.

L
5-II-12

***Pinilld ul ill liiqiltni.
****Tolll usable cJpacit 7.
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AN-9102-D

SLIP ERSEDING

AN-_I02-C

_v 17, i_ 4_

NAME

DATE

PAGE

MODEL

REPORT

N-309

N-309

AD-4486A

Composite Mode

New Airplane

DETAIL WEIGHT STATEMENT
ESTIMATED. (_V_)rZlr41rISyM_'_r4_

(Cross cut these net opglicabie)

CONTRACT NO.

AIRPLANE, GOVERNMENTNO.

AIRPLANE, CONTRACTORMO.

MANUFACTURED BY

.L _

z
tM

..=.

.i
,I

O

AUXILIARY iMAIN

MANUFACTURED BY General Electric General Electrlci

MOOEL J85-19 J85-19 .__j
!

NO. 2 7* ..... I

MANUFACTURED BY 1

DESIGN NO.

*Provisions for 8

5-II-13
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AN-9102-D

NAME

DATE

!

2
3

4 UPPER - SPAR CAP . FRONT

5 . INTERMEDIATE

6 • REAR
7 . AUXILIARY

8 • INTERSPAR COVERING

9 SPANWISE STIFFENERS

10 .... . J01NTSL SPLICES & FASTENERS
11

12

13

14 LOWER - SPAR CAP • FRONT

15 - INTERMEDIATE
16 - REAR

17 - AUXILIARY
18 . INTERSPAR COVERING
19 SPANWISE STIFFENERS
20 - JOINTS., SPLICES & FASTENERS
21

22

23

24 SPAR WEB & STIFFENERS - FRONT
25 -INTERMEDIATE

26 - REAR

27 - AUXILIARY

28 - JOINTS, SPLICES & FASTENERS
29

30 Wing Trunnion Rib_

31 Landing Gear Trunnion Ribs
32 INTERSPAR-RIBS

33 - BULKHEADS

34 - CHORDWlSE STIFFENERS
35

36 LEADING EDGE - COVERING
37 - STIFFENERS

38 - RI iS
39 - AUXILIARY SPARS
4O

41
- JOINTS I SPLICES & FASTENERS

42
43 TRAILING EDGE - COVERING

44 - STIFFENERS
45 - Rills

46 - AUXILIARY SPARS

47 - J_NTS, SPLICES & FASTENERS
48
49

S0 TiPS
Sl

5:2 FIREWALL (STRUCTURAL)
53

54
S5

54 TOTM.S - BASIC STRUCTURE

$7 TOTAL (TO BE BRO_

WINGGROUP
BASIC STRUCTURE

I_mctlem

19
27

],7
19
27

I0

66
2L

PAGE

MODEl.
REPORT

9

N-309

_k _

I

....... j

158

15 [ ........
4

38
28
27

23
19

5
5

36
3O

8
8
8

548
706

5-11-14

,, ,< _r_,_ ,*.4 _w'_s..,.,_r_, o.,o

I

I

I

I
I
I
I

I
I

I
I
I
I
I

I
I

I
I

I
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I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

AN-9102-D

NAME

DATE

WING GROUP

SECONDARY STRUCTURE

(DQQRS, PANELS & IdlSCELLANROUS)

1 t _11

2 Licml_ Type

"1 Poww

4 [CODE NO.
S WING FOLD
6

7

8 DOORS & FRAMES.LM4DING Strut Strut

9 - Landln_ WinA l]

I0

11 • BOMB

12

13
14 - GUN

IS
16 -AMMUNITION

17
18 - ROCKET

19

20 - LIFE RAFT
21

22. - ESCAPE

23
24 . ACCESS

25
26

27

28 PANELS-_HON STRUCTURAL)
29

3O
31

32
33
34

35

36
37

38
39

4O

41
42

43
44

45
46

47
48

49 WAI._KWAYS,STEPS, GRIPS
50

&_e Swicture Mechicdem

J,q. Pt, & Controls

II 32

i0 29 21

$1 FAIRING • FILLETS
52

$3 EXTERIOR FINISH

$4
SS
S& TOTA[_$ 61 21

$7 TOTAL - SECONDARY STRUCTURE TO ORV/

PAGE IO

MODEL N-309

REPORT

Ol_ael,ql lleel_lem

Pewee Lick
&elu4lll+ II llmql.

T.one. Meek.

*Ina_cate'_-.m _ mi_ is by C.L, O.P., l.F., m. **H-Hydfilic, E-._llclfiCld, p-Puemlicic; power
wmmniuiee from m .".wi_ peim m
•,,-mam_ l vlii.

5-II-15



AN-9102-D

NAME

DATE

WING GROUP
CONTROL SURFACES

4 ICODENO.
S SPARS

Al_eeems

I'd°d Osnb'd

T.|. Plero
lid,'d Oulb';

3
6
7
8

9 RIBS L+ 8

10

11

12 COVERING • STIFFENERS 16 26

13

14

1S T.E. STRIPS

16

17 FABRIC • DOPE

18

19

2O

21 TABS

22

2,
35 TORQUE TUBES

26

27

N

29 BALANCE WEIGHTS • SUPPORTS

3O

31 AERO. SEAL

32

33

34 CONTROL HORNS

35
36
37 ACCESS DOORS (NC_I STRUCT.)

38

39 HINGES • PiNS 5 6

40 EXTERIOR FINISH

41 TOTALS-SURFACE )( 25 I_ 43

42

PAGE 11
MODEL N-309

REPORT

I..I. Flqlm _ Siet, Sp**d
Spellwl

hib*,l OM'd I,ik**

4

i0

30

8

52 ) )(

I
I

I

I
I
I
I

I
I

I
I
I
I
I

43
44 HINGES

41 BRACKETS

TRACKS

47 CARRIAGES

48

49

SO

Sl
S2 TOTALS- SUPPORTS

U TOTALS (LINES 41 & I_

14 TOTALS - CONTROL IUIFKII

¢O_ITROLlURFA¢I SUPPOfll
5 9

I ,t 5 I I 8 I
30 51
30 51

61
)( )

iS TOTAL

IM TOT__ f, F_I_M_ PII. | & I 788

l; TOTAL - llll _alv_e

I
I
I

I
5-1"[-16

w



I

I
I

AN-9 l0 2-D

NAME

DATE

TAIL G/IOUP

BASIC STRUCTURE

PAGE
MODEL

REPORT

12

N-30_....

I
I

I
I

I
I

I
I
I

I
I

I
I
I

I

4 UPPER-SPAR CAP-FRONT
L_DEHO.

S -INTERMEDIATE
6 -REAR

7 - AUXILIARY
- INTERSPAR COVERING

SPANWlSE STIFFENERS

10 -JOINT_ SPLICES& FASTENERS

11 Spars - Front (incl. cads)
12 - Center (incl. cao_)

13 - Rear _incl. caps)
14 LOWER-SPAR CAP-FRONT

1S - INTERMEDIATE
16 - REAR

17 - AUXILIARY
18 Total - INTERSPAR COVERING

19 Total SPANWlSE STIFFENERS

20 Total. JOINTS SPLICES & FASTENERS
21

22
23

24 SPAR WEB & STIFFENERS. FRONT

25 - INTERMEDIATE
26 - REAR

27 - AUXILIARY

B - JOIN.TS. SPLICES • FASTENERS
29
3O
31

32 INTERSPAR . RIBS

37

5
8

13

, _h_blillm

O.P.

19

L0
8

L_
33 - BULKHEADS
34 - CHORDWlSE STIFFENERS
35

36 LEADING EDGE . COVERING 9
37 - STIFFENERS

38 • RIBS

39 - AUXILIARY SPARS

40 - JOINT S, SPLICES • FASTENERS
41
42

43 TRAILING EDGE - COVERING

44 - STIFFENERS
45 - RIBS

46 - AUXILIARY SPARS

55

47 - JOIHTS_ SPLICES i FASTIN_|I
48 Trailing Edge Strip
49

S0 TIPS
51

144

Toroue Tube Installation

Miscellaneous

52

s3 4
54

SS TOTALS 144

$6 TOTALS. IASIC STRUCTURE

57 TOTAL. qTO BE peqWGHT F011IAID)

2
3

97 2R

1:2

Oeree|

276

. nl u_m.*cm _. *W4*,_. O"la
mY IV, IW m

5-II-17



AN-9102-D

NAME

l) AT 1_

TAIL GROUP
CONTROL SURFACES

PAGE

MODEL

REPORT

13

N-309

I

I

I
3

4 SPARS

5

6

7

8 RIBS

9

10

11

12 COVERING & STIFFENERS

13

14

15 T. E. STRIPS

16

17 FABRIC & DOPE

18

19

2O

21 TABS

22

23 Honeycomb Core & Bonding
24

25 TORQUE TUBES

26

27

28

29 BALANCE WEIGHTS & SUPPORTS

30

31 AERO. SEAL

32

33

34 CONTROL HORNS

35

36

37 ACCESS DOORS (NON STRUCTURAL)

38

39 HINGES & PINS

40 EXTERIOR FINISH

41

42 TOTALS - SURFACE

I CODE NO.

43

44

45 HINGES

46 BRACKETS

47

46

49

5O

51

52 TOTALS - SUPPORTS

CONTROL SURFACE SUPPORTS

53 TOTALS(LINES42 & 52)

TOTALS-CONTROL SURFACES

55 TOTAL

TOTALS FROM PGS. S& 6

57 TOTAL-TAIL GROUP

(

R u_ldqws

Cente_ j Outer

1 '7 ,

I *

I i

I '
l i

I i

8 I '
I

4 1
i

I

!

I

I !

• I

9

I

I

1

I

I

I

I

i

111 30 11 11

( 3 )i( )i(
33

_3 [

I

J
I

}( )

)(

33
276

309

I
I
I

I
I
I
I
I

i
I

I
I
I

I
5-11-18



AN-9 102-D

NAME

DATE

I

2

3

"4 BULKHEADS
S Bulkhead

6 Bulkhead

7 Bulkhead
8 Bulkhead

9 Bulkhead

10 Bulkhead

11 Bulkhead

12 Bulkhead
13 Bulkhead

14 Frame

15 Frame

16 Frame

17

18

t9
2O

21
22

23

& FRAMES

112
271__

40
41

310

340

_.369
398

429

465

507

'MINOR FRAMES24
25

26 OVERTURN STRUCTURE

27

28 COVE_RING - UPPER BETWEEN LONGERONS
i

29 - SIDE BETWEEN LONGERONS
30 - LOWER BETWEEH LONGEROHS
31

32 COVERING LONGITUDINAL STIFFENERS- UPPER llETW. LONG.

33 . SIDE BETW. LONG.
34 - LOWER BITW. LONG.
35

36

37 LONGERONS - UPPER

3B -LOWER

29 Engine Mount Stru;_u_

LONGITUDINAL PARTITIONS- ISTRUCiURAL)

JOINTS, SPLICES & FASTENERS

42

43 FLOORING & SUPPORTS - {BASIC STRUCTURE)
44

4S Miscellaneous
46

47 FIREWALL. (STRUCTURAL)
48

49 KEELSONS
SO KEEL
$1

52 CHINE • SPRAY STRIPS
52 STEP ASSEMBLY

S,I STAIRWAY - (STRUCTURAL)
U TOTALS
54 TOTALS - BASIC STRUCTURE

50 215 43

13 62 13

53 21
26 52 21

30 49 I_

14 30 20

12 30 23

150

38 60 10

54 275 58

20

280 118.2 289
1751

57 TOTAL (TO BE BROUGHT FORWARD) 1751

*List adl mitt j" witegti/k bulkheads & frames individually. Minor_ramesmy be combined.

5 -II-19



15
BODY GROUP

SECOHDARY STRUCTURE

AN-9102-D

NAME
DATE

PAGE

MODEL

REPORT

N-30_

I

2 CODE HO.
3

SECTION
4

S ENCL.OSURES(EXCLUDING TURRET ENCLOSURES)
6 CANOPY
7 CANOPY--OP ER'ATING MECHANISM

| -RAILS

'9
10
!!

-CYLINDERS, PLUMBING, FLUID

GUNNER TAIL
12

13 BOMBARDIER
14 SIGHTING BLISTERS
IS

16 WINDSHIELD iEXCLUDIHG BULLET PROTECTION)
17

18 WINDOWS & PORTS INCL. FRAMES
19

20 Flooring & Equipment Supports
21

22

23

24

25
26

27

28 FLOORING & SUPPORTS (SECONDARY STRUCTURE)
29

3O

31 STAIRWAYS & LADDERS {FIXED)
32

33

3,4 STERNPOST & FITTIHGS

35 NOSE BUMPER (HULL)
36 RUBBING STRIPS

37

38
39

40 TAIL CONE
41
42

43 SPEED BRAKES - STRUCTURE

44 - SUPPORTS
4S
46

47
48

49
5O
SI

S2
S3

54
55 TOTALS

56 TOTALS - SECONDARY STRUCTURE

S7 TOTAL (TO lie BROUGHT FORWARD}

*Free cab llluitlil tiil I Icmi_q II_

Fuselage ew Hull h*N Sp..4 IhdIe,

Fwd

170

8O

Center Aft

45

20 I0 2,5

340 I0 25

375

375

5-II-20



AN-9.102-D
NAME
DATE

!
2
3

]-_.[X)ENO.
5 DOORS& FRAMES
6 - LAHDIHG

7 - Air !ntak@
- Exhaust

zo - soma
11
12
13 - GUN
14
IS - AMMUNITION
16
17 . ROCKET
18
19 - LIFE RAFT
20

31 - ESC*Pe
22

23

24 -WATER TIGHT

BODYGROUP
SECONDARY STRUCTURE

(DOORS, PANELS & MISCELLANEOUS)

2S

26 - COIdPARTMEHT
27

28 - ENTRANCE
29
30
31 - ACCESS
32
33
34

35 - ENGINE
36
37 - CAMERA
38

39 PANELS. (NO.NSTRUCTURAL)

t

Leoetlea

Nose

TmDe kme
Peww Jq, Fe.

H 7.5
H 38

H 35

PAGE
MODEL
REPORT

10

N 309

........ _"_-_'_'i '''_

__ ,.-,.

ii76 49 -- " ..........102 30 ..........

Fwd. FLIS.
Cntr, 'us.
Aft Fu.

19
7

12

57

21

36

4O
41
42

.43
44
45
46
47
48

49 WALKWAYS,STEPS. GRIPS
SO
•51 FAIRING & FILLETS
52 EXTERIOR FINISH
53
54 TOTALS

56 TOTAL. SECONDARYSTRUCTURE(DOORS,PAHILi, IISC.|
54 TOTALS FROMPGS.8 • 9
57 TOTAL.BODY _RQUP

312 99
411

2126

2537

*lm.ticste locntim Joenajag doors by B - Booms, F or H be
Fuselale of Hull.

. - mE _I'_ICl,' _S.S, "mgL+_, 0.I0
"*+ I'. IMP,+ ,Urn

5-II-21
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AN-9102-D
N'AME
DATE

ALIGIITII_ GEAR GROUP
PAGE

MODEL

REPORT

17

N =309

I

I

I1
2 TYPE: Tricycle

4 *LOCATION 1S N*-- SiN
6 WHEELS 1 18 x 5.5

I

7 TIRES 1 18 x 5.5

S TUBES I

9 AIR

BRAKES - Modified F-SA

I1 NO.•TY,EI I12 ENERGY CAP. t*

13 ANTI-SKID DEVICE

14
15 FLOATS. BULKHEADS ""

16 - FRAMES

17 - COVERING
18

N*. Sl#e

2 22 x 8.5

2 22 x 8.5

I I

. COVERING STIFFENERS (LONGITUDINAL)
19 . KEELSONS

.KEEL

Zl
22

• LONGITUDINAL PARTITIONS

- CHINE & SPRAY STRIP

23 . STEP ASSEMBLY
14 . POST ASSEMBLY

*LOCATION

JCODEHO.

N*. SiN

25 - HOSE BUMPER

26 INSPECTION DOORS

27 WALKWAYS

28 EXTERIOR FINISH
29 SKIDS OR BUMPERS
30 SAILS
31
12 TOTALS. RUNNING GEAR

33

34 STRUTS. DRAG

LS - SIDE
)6 - FLOAT

)7 PYLON

J8 SHOCK STRUT. S,TRUT (INCL.
-FORK

m .AXLE

41 -TORQUE ARMS

LSS, mS.)

Nose

•12
14

,( 26

26

127

42 - TRUNNIONS
43 SHIMMY DAMPER OR SNUBBER 6

44 Shrink Mechanism

45 FITTINGS - MAiN ATTACH. - WING
46 - TAiL
47 . BODY

48
49
S0 FAIRING

51
$2

53

54

SS FINS, BOLTS I NUT|! ETC.
54 TOTALS- STRUCTURE

NACS_LLE

S7 TOTALS(Lines 32k SA)(TO S| IIIOUUT POItW_D)

Main

75

)( 170

77

245

8

I!( 330
500

)(

I(

m.

I

I
I

I
I
I

I
L
I

I

I

*DemcripcJv, locmciem- Nose, TsU, Nsia, OuerilJmr, lkmper, eu:.

5-II-22
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AN-9102-D

NAME

DATE

I

2 **LOCATION Nose

ALIGHTING GEAR GROUP
CONTROLS

Main

PAGE

MODEL

REPORT

!8

N-309

I
I

I
I

I
I

I
I
I

I
I

I
I

I
I
I

S JCOOE NO.

6 MECHANICAL OPER. MECH.

7 CONTROLS

8 ACTUATORS

10

11

12 ELECTRICAL OPER. MECH.

13 CONTROLS

_14 WIRING, CONDUIT, ETC.

1S OPERATING MOTORS

16 MECHANISid

17 Switches

18

19

20 HYDRAULIC OPER. MECH.

21 CONTROLS

_22 PLUMBING & FLUID

23 PUMPS

24 RESERVOIRS

2S ACCUMULATORS

26 ACTUATORS

27 MECHAHISkt

21

3O
31 PNEUMATIC OPER. MECH.

32 CONTROLS

b33 PLUMBING

34 PUMPS

35 BOTTLES (AI_

36 ACTUATORS

37 MECHANISM

38
39
4O
41 LOCKING MECHANISM

42 _R&CES

43 LINKS

44 PAmI[!NG B_AKE OONTROL

45 POrdlnON IHDI4_lIHG

46

47

49 - TAIL

it eelm_

SO .srmr
Sl -.__=rm"E
S2
n TOTALS ?

TOTALS- _e_T...__-_t 7
TOTA[__ _ PG. II 185

s_ TOT_J___ 192

Ikeke Iimeql.

Opt. Ext. Stee_iq Ilhmec*

],3 2],

13 1o

17

Ibeke |meqp J Esmlb Smeql.

Oper. E.,. Rem_, ! El*. II .erect Era.

5-1I..-_3

_, - nt mural C_ _ms, VAmLm, _
my iv, ilml

17

52 31 17

LO0
5O0

6OQ

v'eOeK_ _ - Nose, Ts/4, Main, Ommll/l_,

Rgmp41f, etc.



AN-9 10 2-D

NAME
DATE

i

2
3

4 CONTROL COLUMHS

S CONTROL STICK OR COLUMH (PILOT)

6 CONTROL STICK OR COLUMH (ASSIST. PILOT)
7 CONNECTING MEMBERS FOR ABOVE

8 SUPPORTS
9

10

11
12

SURFACE CONTROLS GROUP PAGE 19

COCKPIT & AUTOPILOT MODEL N-309
REPORT

........ 14 ...... j
14 Isupports).... -_21-__..... i; ___z2_i i._Includes

14 RUDDER PEDALS, INCLUDING BRAKE TREADLE (PILOT)
i5 RUDDER PEDALS, INCLUDING BRAKE TREADLE (ASSIST. PILOT)

16 CONNECTING MEMBERS FOR ABOVE (includes suEports )
i7 ...... SUPPORTS
18

19
2O

21

22

23 INTEGRAL PARKING LOCK
24 CONTROL STICK

2S RUDDER PEDALS
26 SURFACES
27

28
29

30
31
32

33 AUTOPILOT OR AUTO.FLIGHT CONTROL (TYPE: 3 Axis S_ )

34 CONTROLLER - Cockpit (2 Required)

35 ]l]l,_[]l]lllml3[3_ Electronic Package
36 SERVO AMPLIFIER
37 SERVOMOTORS

38 GYROS - Rate

Single Channel Servo Actuators (6 req.)

48 Solenoid shut-off valves (6 req,)
41 Trim mechanism
42

43

ELECTRIC PANELS, BOXES, SWITCHES, RELAYS, WIRING
PULLEYS, SPROCKETS, CHAINS, CABLES & Hiscel laneous

44

45

46 SUPPORTS & BRACKETS
47

*48 PLUMBING & FLUID
*49

5G
51

$2
53

54
SS

54 TOTALS - COCKPIT CONTROLS & AUTOPILOT

$7 TOTAL (TO BE BROUGHT POINARD)

15

"From .=-;- di-,_ilu_im Imim m _mmu_l maim.

1.86

6

16

7

26

9

15

34

118

5-H-24

my 17, _Ne

I
I

I

I
I
I
I

I
I
I

I
I
I
I
I
I

I
I
I



I

I
I
I

I
I

I
I

I
I

I
I

I
I
I

I
I

AN-9102-D

NAME

DXTE

4 JCODE NO.
S MECHANICAL OPER. lla4.
6 CONTROLS

SURFACECONTROLSGROUP
SYSTEM CONTROLS

All. IIIov. lied.

7 TENSION REGULATORS 10
8 ACTUATORS

9 TRIM CONTROLS

10 Ratio Changers L0 I0
11 ELECTRICAL OPER. MECH.

;12 TYPE

13 CONTROLS

'!4 WlRINGS, SWITCHE S, ETC.
15 OPERATING MOTORS
16 MECHANISM

17 TRIM CONTROLS 3 3 3

I| Stroke Limiter
19 HYDRAULIC OPER. MECH.

*20 TYPE 1:) p p
21 CONTROLS

*22 PLUMBING & FLUID 12 10 9

23 PUIdPS
24 RESERVOIRS

25 ACCUMULATORS

26 ACTUATORS 21 34 ] 0

27 MECHANISM 2 7 28 16
28 TRIM CONTROLS
29

30 PNEUMATIC OPER. MECH.
b31 TYPE

32 COtlTROLS
*33 PLUIdBING

34 PUMPS

35 BOTTLES (AIR)

36 ACTUATORS
37 MECHANISM
38 TRIM CX)NTROLS

39

40 ARTIFlaAL FEEL 4 l_ 4
41 BUNGEE
42 BOB WEIGHT

43
44
45

46
47

48 SUPPORTS, GUIDES, ETC.
49 WING
SO TAIL

51 miDDY
52 NACELLE

53

54 TOTALS 77 99 42

55 TOTALS . SYSTEM CONTROLS
56 TOTAL ( FROM PG. 13)
57 TOTAL . SURFACE GONTROLS GROUP

WIns;

Swoop

PAGE 20

MOD_L N-309
REPORT

Wing

leeld.

IL.E.FIqD* T.|. Speed Sock. _eac I" [o[_

or Slo0e FIopo Spoileto Jrelk el Adl. [_OZ*

--_I ...._ ....................

P

9_
4

2

P

2

37 20
5 I0

28 46 _o

*F_ol o_ dleuilmciem poia, m mccllcmil unite.

5-11-25

**Type - add (P) for "Powered ColtlU]l"
o,r(D) br "bet Controls"



AN-9102-D
NAMF
DATE

4 ENGINE MOUNT - Engine
5 - Diverter Valve Nozzles

6 SUPPORT BAY

7 VIBRATION ABSORPTION DEVICES

8
9

10 NACELLE STRUCTURE
!!

12

BULKHEADS AND FRNdES
COVERING & STIFFENERS

13 FITTINGS
14 LONGERONS

1S ATTACHING ANGLES, ETC.
16 Exhaust Blast Plates

17

18

19 PYLONS & STRUTS

2O
21

22

ENGINE SECTION OR

NACELLE GROUP

ICODE NO.

Lt£L

Islmwd

En_Ine_
v

63

*_ FIREWALL & Shrouds 126

SHROUDS FOR FIRE PROTECTION

26
27 COWLING

28 ENGINE COWL

29
3O
31

32

33

34
35 BAFFLES

36 ACCE$__qY_._YCOWL OR SKIRT
37 COWL FLAPS

38 COWL FLAP CONTROLS & OPERATIHG MICH.
39

4O
41

42
43

44
45 FAIRING - NACELLE TO WING OR PYLON

46 STEPS & GRIPS

47 WORKING PLATFORM (BUILT IN)
48 INTERNAL WALKWAYS
49

SO
51 INSTALLATION HARDWARE

52
53

$4
5,5
$6 TOTALS - SECT.IO.h_--OR NACELLES

57 TOTAL {TO BE |R_-u_-'HT FORWARD)

189

PAGE 21

MODEL N-309

REPORT

Cruise
¢e_ O_d

Engines

22

26

(332)
126

lib

24

I0
54

9_

478

667

I
I

I
I

I
I
I
I

I
I
I
I
I
I

I
I

*If in -,*,'die, m nam-sm*c_a/ia wia$ _ kid),.

5-11-26



I

l
I

I
I

I
I

I
I

I
I
I

I
I

I
I

I

AN-9102-[)

N ,_,ME

I'_AFE

I

2

3

-i.... ]coo-ENO.
S- DOORS & FRJIJdES

7

8

9

I0 ......• aOMS......
II

12

13 - ACCESS
14
is- .... ----gN_i_-E--....
16

17
18

Lectatl

19
2O

21

22

23

24

2S

26 PANELS - (NON STRUCTURAL)
27
28
29

3O

31
32
33

34

35
36
37

38

39
40

41

42
43
44

45
46
47

48
49
50

51
52 EXTERIOR FINISH

53

54 TOTALS

SS TOTAL - DOORS PANELS • MISC.
S6 TOTAL FROM PG IS

57 TOTAL - ENGINE SECTION OR _ACELL| GROUP

NACELLE GROUP
uvuRI, rARI_I._ & MI_IL.I_I.I.APII_UU_

PAGE

MODEL

RhPOR r

OpIt'llt I n I Mechllnl Im

¢tulnef Leek

Mock.

22

E merg.

1-

13
33
667 __
680

*indicate lecetlan fee melee deerc by leb'd, lectee+ eitb'd.

5-II-27

**H-Hylkeldlc, l.l[lectrlcel. • Pneimetlc• ; pOWOqr _lnonlloleR

nile dlltlllwthm Illlnl to Iltuetlnl unit.

_ 4,. _ ,_a



AN-9102-D

N AMI',

DATI _

PROPULSION GROUP
PAGE

MODEL

REPORT

13

14

IS

16

17

I &villi IwT

2 ..... l CODE NO. _ ...........

3 ENGINE,,S*ALLATION
, ENGINt_AsINSTALLE0) ...... _ _-___i _-_.,_2_709.__
5 ENClNE & AFTERBURNER {AS INSTALLED).__ ...................

6 REmJCTIO_ GEAR Box

7 EXTENS;ON DRIVE SHAFT

8 DiverCer Valves
............................

9 Vectoring Nozzle_ 231
iO AFTERBURNER5 (IF FURNISHED SEPARATELY)

11 A_C_C.ESSOR¥ GEAR BOXES - & D RIVE_S - CSD

12 SUPERCHAI_GER - COMPLETE (_FOR TURBOS)

- LUBRICATING SYSTEM

- SUPPORTS

. CONTROLS

P!PING (EXHAUST TO SUPER.)

18

19 AIR iHiJUC liON SY$IEM

20 INTERCOOLERS AND SUPPORTS
.......................

21 AIR DUCTING AND SHROUDING

22 INTAKE DOORS & OPERATING CONTROLS

23 AIR FILTERS

24 SCREENS & CONTROLS

25

26

27

28

29

30

31 EXHAUST SYSTEM

32 EXHAUST STACKS

33 EXHAUST COLLECTORS

34 COLLECTOR OR ENGINE SHROUD

3S ____TAIL PIPE - G_ui%e gn__ipes

36 TAIL PIPEIJIIB_01_fli_ - Diverters

37 TAIL CONE

38 SILENCING DEVICES

39 SUPPORTS ! BRACKETS, ETC.

Ejector Pump_
41

42

44 COOLING SYSTEM

35

14

45 RADIATOR AND SUPPORTS

46 SHUTTERS I SCOOP & DUCTS
47 EXPANSION TANK & SUPPORTS

48

49

5O

LIQUID 114SYSTEId{ GALS.)

PIPING, VENTS, CLAIaPS ETC.

Si

$2 PANS

53 CONTRAVANES

- Lift

57 TOTALS (TO lie BIIOUGNT POI_A__D}

2940

_5

FAN DRIVES

55 CONTROLS & OPERATING MECH.

2989

Idlln --

784

.....l__O.....

36

14 _I

44
80

14

23

N-309

Cruise

___93_ .....

[4C,

138

1248

I

I
I

I
I

I
I
I
I

I
I
I

I
I
I
I

I

_ ,7. ,9,_ ,'_

5-]I-28



I
I

i
I

I
I
I

i

I
I

I
i

I
i

I

I
i

AN-910Z-D

NA_E

DATE

I

2

3

8

9

11

13

14

IS

16

17

IS

19

20 INTEGRAl. TANK SEALS & SEALANT

PROPULSION GROUP

LUBRICATING • FUEL SYSTEMS

ICODE NO.

Fwd 2 276,9
Center Fus. 2 107.7

Aft Fus. 2 323.1

21 BACKING BOARD

22 TANK SUPPORTS • PADDING
23 TANK BAY SEALING

24 Thermal Insulation,
25 TANK RELEASE • CONTROLS

26 OIL COOLING INSTALLATION

27 COOLERS & SUPPORTS (SIZE
28 DUCTS & SHUTTERS
29 AUTOMATIC OIL TEMP. CQNTROL VALVE

30 SHUTTER CONTROLS
31

32 FUEL VAPOR RECOVERY
33

34 OIL DILUTION SYSTEM
3S

36 FUEL VAPOR INERTION SYSTEM - CYL. & SUPPORTS
37 - GENERATOR

. .coNv,oLs,ETC.
39 PUMP INSTALLATION N,_

40 ENGINE DRIVEN

41 BOOSTER 4 Vane

42 HAND (INCL. C.ON.TROL$)
43 TRAHSFER
44

45

46 FILLIHG SYSTEM - GROUHD
47 - IN FLIGHT
40

49 DISTRIBUTION SYSTEM
SO TRANSFER SYSTEM

Sl VENT SYSTEM
$2 PRESSURIZATION SYSTEM
53 DUMP SYSTEM

54 Dra£ns
53

PAGE 2_

MODEL _-509

REPORT

A.o._ -hlfC u,_-Cruise

64 TOTALS . LUBRICATING • FUEL SYSTEMS

57 TOTALS (TO BE BIK3UGHT FORWARD)

) (NO. )

Type

37

55

15

28

2 12

143

6

11

2 375

377

i

I

5-I1-29



AN-9102-D

NAME

DATE

PROPULSION GROUP

PAGE 25

MODEL N-309

REPORT

I

I
I

1 A,.o0o,,1, -Li f 1
2 ICODENO.
3 WATER INJECTI_ SYSTEM

4 TANKS {NO. ) {GALS/TAHK )
5 PUMP
6 METERIHG UNIT
7 VALVES & PLUMBING

8 CONTROLS
9

10

11 ENGINE CONTROLS 50

12 IGNITION

13 THROTTLE Quadrants
14 MIXTURE

15 SUPERCHARGER (SUP. INTEG. WITH ENG.)
16 AFTERBURNER

I0!7 Amplifiers
18 Actuators 28

19 Installation 12

20 STARTING SYSTEM - Air _pi_enxent

21 STARTER POWER UNIT (TYPE: )

22 STARTER (TYPE: )
23 STARTER CONTROLS

CRANK & EXTENSION

25 PRIMER & PIPING
26 MESHING SOLENOID

27 SWITCHES, WIRING & CONDUIT
28 Valves

Ducts

3O

31

32 PROPELLER INSTALLATION (DIA. ) (NO. )
33 PROPELLER

CUFFS

35 SPINNER
CONTROLS

37 SPEED
38 PITCH

39 FEATHERING
40 REVERSING

41
42

43
44

45

Type

46

/fAu_ _kMeln

r'47 OIL { C_kLS)
'*48 TAH_ & PLUMBING

19
7

26

49

50

51

54
55 TOTALS 76
r,x TOTALS FROM PGS. 17 & !1 2996
57 TOTAL - PROPULSION GROUP

u=o.-CruLs J

15

3

4

6

l0

5

4740

28

43

1625

I
I

I
I

I

I
I
I
I
I
I
I
I

I
i

*GFP Weight

5-I1-30

**When sep_mee oil system used.



I

I

I

i

I

I

A a_l.n a _ "}_ a'_

NAME
DATE

I

2 ._ENGINE OR POWER UNIT (MODEL
3 ENGINE SUPPORTS
4
5 .....................

-6- AIR iNoucilON SYSTEM
7
e
9 EXHAUST SYSTEM

10 STACKS

11 COLLECTOR
12

AUXILIARYPOWERPLANT GROUP
PAGE

MODEL
REPORT

]CODE NO.
)

26

N-309

..........

13 .......

14

15 COOLING SYSTEM

16 RADIATORS _ ............
17 ........

18 ............
19 ................

20 LUBRICATING SYSTEM

21 TANKS (YOL. GALS.)
22 PLUMBING

23
24

25
26 FUEL SYSTEM

27 TANKS (YOL. GALS.)
28 PLUMBING
29
3O

31 CONTROLS

32
33
34

35 STARTING SYSTEM
36 STARTER !
37 I
38

39
40 SUPPORTS

41
42

43

44
45

46
47

a
49

5O
51

S2
53

54
55
56

S7 TOTAL - AUXILIARY _R PLANT GROUP 0

I

I

I

I

I

I

!1

I

I

I

i

I

I
5-II-31



AN-9102oD
NAME

DATE

INSTRiJ_HT & NAVIGATIONAL
EQUIPiIEHT GROUP

INSTRUMENTS

PAGE

MODEL

REPORT

27

N-309

!

' 2 FUNCTIONAL GROUPS • ITEMS

JCODENO.

S Fwd Cockoit - Fli=ht Instruments

6 Airsveed/Machmecer
7 Clock

I0

Standby Compass

Vertical Velocity
Pressure Altimeter

il Flap Position
12 Turn. Slid & Side Slip
13 Attitude

14 Bearing

IS Take-off Trim

16 Angle of Attack
17 Radar Altimeter

18

19 Fwd Cockpit - ENgine Instruments
20

21

22

23

24

25

26
27

28

Oil Pressure - Cruise Engine
Fuel Manasement
Tachometers - Cruise Engine
Exhaust Gas Temp. - Cruise En2in_
Hydraulic Pressure
Multiple Thrust Indication
Thrust Vector

Lift Engine St@rt Lights (R_IoEGT,Oil)

Aft Cockpit - Flight Instruments
30 AccelerQmeter

31 Airspeed/Machmeter
32 Clock

33
34

Ve_clcal Velocity
Pressure Altimeter

3S Flap position

36 Turn, Slip & Sideslip
37 Attitu4e

38 Bearing
39 Take-off Trim

40 Angle of Attack
41

Aft Cockpit - Engine Instrument_

Oil Pressure - Cruise En2ine

Fuel Flow - Cruise Engine

45 Tachometer - Cruise Engine

Exhaust Cas Temp. - Cruise Engine

47 Hydraulic Pressure
48
49

50

Fuel Ousntitv - Repeat Ind.
Multiple Thrust Ind_catlon
Thrust Vector

51 Lift Engine Start Li2hts
Strut Pressure Main & Nose Gesr6

INSTRUMENTPOWERSYSTEM(TYPE
Wiring & Misc. Installations

57 TOTAL - INSTRUMRNT1_.(TO BE BROUGHT PQRWAR_

Nu_

2
2
1
1 .
8

2
2

2

1
1
1
Z]
1

0.4
0.9
1.7
1.8
0.4
1.2
3,0
3.1
0,6
0.8
1.5

(28.8)
2.0
4.5

1.8

3.0
1.0

_0.0

(15.6)
0,8
1.8
0.4

• 1,7
1.8
0.4
1o2
3,0
3.1
0,6
0.8

(28.2)
2.0
2.0
1.8
3.0
l.O
0.9
I0.0

1,5
5.O

I-0

(003)

0.3

(24.0)
3.0
16.5

3.0

1.5

(0.3)

0.3

( 0 )

hlm_J|llllm

(l.0)
0.8

0.2

(1.7)

1.7

(I.0)

0.8

0.2

(o_

52_9

T_,m!

(!8.5
2.6
0.4
0.9
1.7
1.8
0.9
1.2
3.0
3.1
0,6
0.8
1.5

(54.5)
5.0

21.0

1.8

3.0
5.7
iO.O
3.0

_.0

(16.9)

0.8
2,6

0.4

1.7
_.8
0.9
1.2
3.0

3.1

0.6
0.8

2.0
1.8
3.0
1.0
0.9
I0.0
1.5
5.0
1.0

52.9

171.O

)_

*Lilt items by 5icdonsl Itevpe (Fliljbt, Eailiae & Mice.). Liot sub-fjseq_ by trey sudees; ,,dd mFg. M. 21A if meceumcy.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

i

!

•_ v" -c_,¢_T. mzN, e_lL_+ o,4,o4m

5-I1-32



I

I
AN-9 l0 Z-D INSTRUiIEHTS & NAVIGATIONAL P AGE

.-.A_E EQUiPiiEN¥ CROUP WOD_L _

DATE NAVIGATIONAL REPORT

28

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

2 [CODE NO.
3 NAVIGATIONAl.. INSTALLATION

Insttlletien Nevlg. Equip.

4 LOCKERS & SUPPORTS
5 TABLES & SUPPORTS .......

6 SHELVES & SUPPORTS ..........

7 MAP CASES & REPORT HOLDERS
8 ASTRODOME

9 CHARTBOARD i...........

10 STOWAGES & SUPPORTS - CHARTBO'ARD - ..............
I1 - SPOTLIGHT

12 - DRIFTSIGHT
13 - ASTROCOMPASS
14

15
16

17 I

19 j

2221 t l
23
24

25 NAVIGATIONAL EQUIPMENT
26 PLOTTER
27 PARALLEL RULER

28 CHARTS
29 DRIFT SIGHT

30 SEXTANT &CASE
31 BINOCULARS

32 NAVIGATING WATCHES & BOXES
33 COMPUTERS

34 ASTROCOMPA$S & ADAPTERS

35
36

37
38

39
4O
41

42

43
44
45

46
47

48
49

50
51

$2

53
54 TOTALS

SS TOTAL . NAVIGATIONAL
54 TOTAL • INSTRUMENTS FROM PG. 21

57 TOTAL - INSTRUMENT • NAVIGATIONAL EQUIP. GROUP ZTZ

5-II-33



I

2

3

4

b

6

8

9

11

12

13

14

15

16

17

18

19

20

21

22

_N._)IO 2-I)

N AMI'_

DA II

PUMPS & COMPRESSORS

CSD Mounted

Engine Mounted

REMOTE PUMP DRIVES

RESERVOIRS

AIR BOTTLES

ACCUMULATORS

29
N-309

_ No.____ lledel

2

FILTERS

PRESSUREREGULATORS
3 LOw eressure-War-n__n_- "
4 VALVES- .....
5

7 blan£ f 0i-ds ....

B He.tExch._g_r__
9

O CONTROLS

I

2

3

4

PLU_4BING & Miscellaneous

6

7

8

9

O FLUID IN SYSTEM (TYPE )(
,1

,3 SUPPORTS - WING

14 - TAIL

_5 . BODY

16 - NACELLE

|7 TOTALS

TOTAL-NYDRAULIC_,Fi_eU_AT--_GROUP
19 FURNISHES POWER FOR-(ITEMS)

_0

52

53

54

55

CIIIIIIclty

i gal.

GALS.

57 SYSTEM PRESSURE (PSi)

2O

12
2

]__

2

4
,5

70

].8

190

Actuation of
Gontrol Surfaces
Alighting Gear

Brakes

" SAS Actuators

VSS Actuators

En

190

*Includes system from IlOl_Cel 0[ power m main diillibuliol

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
potncs.

5-II-34

L



I
HOVER CONTROL SYSTEM

I
DATE

I

I
I

I
I

I
I

I
I
I

I
I

I
I

I

2
3
4
5
6
7
8

Engine
9

........................... Bleed

!1

12 Ducts 16
13 Transition Fittings 18

14 Bellows 37
15 Joints - Bolted Flan2es 8

16 - Clamped Couplings 20
17 Insulotion

18 Valves - Check 27
19 - Reaction Control

20 Tip Pods
21 Fairings
22
23

24
25

26
27

28
29

3O
31

32
33

34
35

36

37

tl

12
13
M

17

B
19

ii

D

¼ Totals 126

Total Hover Control _ystem

Forward

Fuselage

24

13

8

14

Center
Fuselage

49
16
17

16

Aft
Fuselage

24

13
7 --

8

14

24 24

25

Win_*

2

I0

2

7 __

19
3O

63 98 108 113
52S

I Add s,,Rpies,ssmtyPS. llA ff sseesss_.

5-II-35

*Includes wing take-off

ductlng in center fuselage.

I



AN-9 I02-D

NAME

DATE

I

2

*ELECTRICAL GROUP

3 CODENO.

4 POWER SUPPLY EQUIPMENT o,... _ Kv, A. e. N°.

5 GENERATORS CSD 15 .. 2
6

7

8
9

IO---R_TE-GENERATOR DRIVES- CSD in Propulsion Group

11 BATTERY (AN ) (NO. [ ) 24 Y..

!2 BATTERY CONTAINER=OVERFLOWlHST.&SUPPORTS
13 Generator CoDlin K Ducts

POWER CONVERSIOH EQUIPMENT _,114

15 INVERTER(DCTOAC)- Static

16 CONVERTER (AC TO OC)
17 TRANSFORMER/Recti f le_s
18 RECTIFIER
19 MOTOR-GENERATOR

20 PHASE ADAPTER
21

22
FREQUENCY CONVERTER

5 A.H.

i

23

POWER DISTRIBUTION & CONTROL
GENERATOR CONTROL BOXES 15

26 CUTOUTS & VOLTAGE REGULATORS 6
27 AMMETERS & VOLTMETERS

28 SWITCHES, RHEOSTATS, SWITCH PANELS _]UL_ Autoxform-
29 CIRCUIT BREAKERS & FUSES Panels ers

30 JUHCTIOH, FUSE, DISTRIBUTION BOXES & PANELS
RECEPTACLES & COHHECTOR PLUGS31

32 RELAYS (Power Contactors
33 WlRIHG & Connectors

34 CONDUIT

74

2

13 __

L5
]O

7

35 Current Transformers (Power Control)

36 LIGHTS & SIGNAL DEVICES

75
15

37 LIGHTS - INTERIOR 4
311 - EXTERIOR 12

39 - LANDING (INCL. RETRACT MECH.) ""

40
41 SIGNAL DEVICES- LIGHTS
42 -HORNS
43 -BELLS

44
45
46 EQUIPMENT SUPPORTS-WIHG

47 - TAIL
48 - __-DY

49 - NACELLE
SO TOTALS
$1 TOTAL - ELECTRICAL GROUP

52 FURNISHES POWER FOR - (ITI_U___

76

13

156

AC

15
1

18

7

16

18

13

31

23

PAGE

MODEL

REPORT
N-309

$3

54
U

$6
57

DC

2O

20

288
335

*ladudes system from =ou.rcemof power to maim_mUi_ polmts.

5-II-36

47

Electronics. Fire Detection.

LiRhts, InstruJ Electronics,

ments t Fuel Lights, Genera.

Systep_ s IRnltion. tot Cnntrn]
FlaP. Misc. Svs- & Instrument:

tems, Controls

and D,C. System

io

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



AN-9 lil 2-1) 32
N A,_IE

D.4_I'F:
+

ELECTRONICS GROUP

1 * FUNCTIONAL *EQUIPMENT COMPONENTS & PART

2 GROUP NUMBERS OR IDENTIFICATION

3

4 :-:-_--
5 ................. AN/RN.A-26C VIIF_ Nav, Rec,
_6 ................ DME-I_tA-296
7 ................ Control Panels (2)
8 Antennas

9

10 _I_FF./SIF

11 ................. _AN IAPX- 72 TranspQnde_
Control Panels (2)
An tennas13

14

15 ILS .....
16
17

18
19

20 Communication
21

22

23

24 Intercom

25

26
27

28

29 Compass System
3O
3:
32

33

34

MKA-28 Marker Beacon
An t e _n a
Controls (2)

RTA-41B VHF Transceiver

Control P_nels (2)

Control Boxes (2)

Microphone _mplifiers (2)
Headset Amplifier_ (2)

- Gyro Stabilized

Stable Platformp SR-3
Heading Coupler
Controllers 42)

Indicators (In Instruments Group)

35 Miscellaneous

36 Radio "J" Box
37 Noise Filters

38
39

4O
41
42

43
44
45
46

Antenna Switching Relays

Wiring, Coax & Hisco

47 ELECTRONIC INSTALLATION

48 TABLES

49 RACK I SHELVES & SUPPORTS

,SO LOCKERS

51
52
53
54

55 SUBTOTALS . EQUIPMENT GFP & CPE •

TOTALS

PAGE

MODEL

REPORT

Ir _uip merit

GFP CFE

(65_
-25

29
6
5

(17)
12

4
1

(10)
4
2
4

(29)

23
6

( 9_

2

(29)
21

5
3

(15)
12
2
1

is9 is
174

57 TOTAL-ELECTRON_ GROUP 220

N-309

In et ol|otio.

(46)

46

46

*List components (incl. Radomes, Mrs., Antennae, Switches, Relays, Filters, etc.) from amin distribution point to unit operated, by

(unctiomll Stoups (e.i. , Comm., VNF, Semth, Nevil., lncercomm., etc.). Add supplemenca,ry PS. 25A if necessary.

5-H-37
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AN-9102-D

NAM1E

DATE

I T URR:Ei:0R G UH LOCAT IO_NS

2 No. OF G_S
3 CALIBEROFGU.S
4 ]CODENo.
S EQUIPMENT

6 A__ UHITION - -FEED CHUTES

7 - BOXES

8

9

10

11

_2

_3
14

15

_ _ _: so_xSUPPORTS
CASE EJECTION CHUTES

.................................

LINK EJECTION CHUTES

CASE & LINK RECEPTACLES

MOUNTS

MOUNT SUPPORTS

_ BLAS___TTUN_NE.L_S_ (IHTE GRAL)

16 . . __UNITIOH - BOOSTER S
17

18 GUN CHARGERS INSTALLATION

19

0- .................

21

22

23 HEATING

24

25 FIRE INTERRUPTERS

26

'27 TURRET SYSTEMS (TYPE:

28

28

3O

31

32

33

34

35

36

37

38

39

4O

41

42

43

44

45

46

47

4g

49

SO

51

S2

53

ARMAMENTGROUP
PAGE

MODEL

REPORT

33
N-309

S4

5S

rOTALS

57 TOTAL (TO BE BROUGHT FOINARD)

_,,.,

0 I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
*LIst ccmIpemute by packqt_l MOUl>e (mne¢ immccuee, liCCeilOfiel,, iJ_fillll, COllplnlltJOli, lUl Iccenmrie,, elec. ciiblin i,

etc.). Add Im_emmiclu' 7 pj. 26A if Iseceslli'y.

5-II-38
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I
I

I
I
I

I

I
I
I

I

I
I

I

I
I

AN-9102-D
N AM'E

[)ATE

1

- 2 ROCKET INSTALLATION - CONTROL-S ....

3 - RELEASE MECHANISM

*4 . - _WIRING, ETC__.
5

6
1

7

8

9

10

_i BOMB, _MINEi TORPEDO INSTALLATION
12 BOMBER'S CONlltOL PAHEL

AR/IAMENT GROUP

PAGE

MODEL

REPORT

34

N-309

JCODE NO.

"13 RELEASE . ELECTRICAL

14 - MANUAL

15 - MANUAL EMERGENCY
16 INTERVALOMETER

17
18 ARMING & SAFE MECHANISM

19

20 BOMB HOIST MECHANISM (IF BUILT IN)
21

**22 BOMB RACKS (TYPE ) (NO. )
23

24 BOMB RAILS OR TRACKS

25
26
27

28
29

30 GUNFIRE PROTECTION (PASSIVE DEFENSE)
31 BULLET RESISTANT GLASS

32 ARMOR PLATE (NON STRUCTURAL) - OIL COOLER
33 - OIL TANK
34 . EN61NE SECTION

35 - CREW - PILOT
36

37
38

39

4O
41

42 FLAKCURTAINS

43
44

45 SONOBHOY . STOWAGE
46 - DISPENSERS

47
48
49

S0
51

52

53 _.¢*H__E/TANK PROVISIOM.$
54

55 TOTAL
56 TOTAL F.._n¢__PG. 26

57 TOTAL - _A_UAu___._rGROIJP 0
i

*From m-i- ciimzibucJae_ m 8cuiltias ullc.

5-I1-39

*elf me qDecified u useful lad,



AN-9102-D

NAME

DATE

FURNISHINGS & EQUIPMENT GROUP
ACCOMMODATIONS FOR PERSONNEL

35
PAGE

MODEL N-309

REPORT

I
2
3

Location

4

5 PILOi
6 AS_ _L6T +

.... JCOD,_:[ [ I [ 1
CREW SEATS & PASSENGER CHAIRS

QIIMN
Go_nt_a_i__ne_....

20
I 20

8

9
I0

11
12

13

14

15
16

17 HEAD REST (IF

Seat

O9
69

NOT INTEGRAL WITH SEAT)

18 BUNKS (NO. ) & SUPPORTS

19

20 LITTER SUPPORTS

21 BOMBERS& GUNNERSKNEELING PADS(NO. )
22 PARACHUTE STOWAGE PROVISIONS

23 TOILETS & RELIEF TUBES
24 WASH BASIN & SHOWERS

25 WATER TANKS & PIPING

26 DRINKING WATER CONTAINERS & SUPPORTS

27 LOCKERS FOR - FOOD

28 - PERSONAL EFFECTS

29

30 GALLEY STOVES & HOTPLATES

31 REFRIGERATOR

Slfaty
licit

2

HallleSs

• Inectla
Reel

3
3

Ad..ac_.

k ___ __L .....

CetqDvh Tracks
ar •

Elect. Mech. SupImrls

24 15
24 15

140

32
33

34

35
36
37 ANTI-G SUIT PROVISIONS
38
39 (25)

*4o

41

OXYGEN INSTALLATION _Gaseous)
BOTTLES - INCL. CHARGE (TYPE 1800 psi

42 CONVERTOR

14_0 __

44

)(SIZE 22 cu,ft, )(NO. 1
(at atmospheric pressure)

*_ REGULATORS (TYPE )(NO. 2 )

SUPPORTS- BOTTLES& REGULATORS

45 PL_HSlNG, ETC.
46
47
48
49
50
51
52
S3
54
SS

$6 305
57 TOTAL - ACCC:?'-_-AT--w_--- FOR PE_S_.m4NEL_TOII BROUGHTFOIIWA_-n)

12

I
I

I

I

I
I

I
I

I

I

I

I

I

I

I

I

I
elf not specified u uNful lord or specie1 equipment.

5-11-40
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I

I
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AU n sn __rs
_AI-7 a_ A-.-

NAME

DATE

1

2

3

*S

6

7

8

*9

*10

II

FURNISHINGS& EQUIPMENTGROUP
MISC. EQUIPMENT & FURNISHINGS

4 MISCELLANEOUS EQUIPMENT

PORT4BLE PLATFORMS & LADDERS

. _ ]CODENO.

PAGE 3b

MODEL N-30_
REPORT

_L,

ilmi. Pwnl sklntll

DATA CASES _-REPORT OR-Foi_M H()LO--D-E_-- .................................. 4 .......
- _..............................

MANUALS - FLIGHT & MAINTENANCE-

BALANCE COMPUTER & SUPPORT

12 TOOL LOCKERS

13

14 WINDSHIELD WIPER & WASHER INSTALLATION

IS RELEASE MECHANISM _&FITTINGS- TARGET & GLIDER TOW

16

17 BILGE SYSTEM

18 STALL WARNING DEVICES

!9 REAR VIEW MIRRO_RR.....

20 Instrument Panel Glare Shields

21 AUXILIARY FLOORING

_22 INSTRUMENTSpARpS &.Supports
23 CONSOLES & Pedestals

24 CONTROL STANDS

25

*26 CARGO HANDLING EQUIPMENT

27 RAMPS

28 HOISTS & BOOMS

29 MONORAILS

30 MONORAIL MOTORS

31 TIE DOWN FITTINGS

32

33

34

35 PY R()TECHHiC iNSTALLATION

SIGNAL PISTOL HOLDER36

37 SIGNAL AMMUNITION HOLDER (CAP. )

38 PARACHUTE FLARE - CONTAINERS (NO. )

39 ..... - RACKS (CAPACITY )

40 - RELEASE MECHAHI_

41

42

43
SMOKE CANDLE (GRENADE) HANDLE

44 FLOAT LIGHT RACK & RELEASE MECH. (CAP. )
45

46 FURNISHINGS

47

48
FLOOR COVERING, RUGS, ETC.

SOUNDPROOFING & THERMAL INSULATION

49 TRIM

50 CURTAINS & SCREENS

$1 CRASH PADDING

52

53
PARTITIONS (NON-STRUCTURAL)

Misce_eous _C;towas_e Prgvi_ions

i

4

16
2_

$4

SS

56 TOTALS . MISC. EQUIP. • FURNISHINGS 44

S7 TOTAL {TO lIE BROUGHT FORWARD)

............ !

_,7

26
70

*If ao¢ specified as 8pecisl equ/pmen:

5-11-Al



AN-9102-D
NAME

DATE

FURNISHINGS & EQUIPMENT GROUP
EMERGENCY EQUIPMENT

PAGE 37

MODEL N-309

REPORT

]CODE NO.I
2

3 FIRE EXTINGUISHERS hese,
4 BOTTLES T,,,

" S Slme

6 Ne.

7 Wolgkt

8 CONTROLS
9 PLUMBING

I0 BOTTLE SUPPORTS
I1

12

1 I
Ce|peetnemt •

13 TOTAL - COIdFT.

14 PORTABLE (TYPE ) (SIZE
1S

16
17

18 PORTABLE EXTINGUISHER SUPPORTS
19

20 FIRE DETECTION SYSTEM
21

aleeooOe

22 FIRE RESISTANT PAINT
23 FIRE CURTAINS

- Lift Enlne___n__ei_
- Cruise Engines (2)

24

25 FIRST AID KITS (NO. ) & STOWAGE
26

27 FLASHLIGHTS (NO. )
28

29 STOWAGE . EMERGENCY RATIONS & WATER
3O

31 LIFE RAFTS - (TYPE ) (140.
32
33

34
35

36
37

-SUPPORTS OR CRADLES

38 DITCHING STATION EQUIPMENT
39

4O
41
42

43
44

45
46
47

Fuel

1..... -7 i

25

10

48

49

) (NO. )

5O
51
52

53
54

SS TOTAL . EMERGENCY EQUIPMENT
56 TOTALS FROM PGS. 28&29

57 TOTAL - FURNISHINGS & EQUIPMENT GROUP

35
375

4IO

I
I

I
I
I
t
1

I
I
I
I
I
I

I
I

elf not npecified amuseful Joed or mpeci -I equipueet.

4_n

5-I1-42
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I
I
I

I
I

I
I

I
I

I
I
I
I

I

I
I

AN-910'2-D

NAME

DATE

&li) t'rIMrlll'lrtldlld G _ iMTI.l.*"ild_.

Ef,)UIPMENT GROUP
AIR CONDITIONING

I

2

3

• : ,E,.T EXC_A;;_RS(.O._____
S

• 6 HEATERS (BTU CAPACITY

I CODENO.

) (NO. )

8 HEATING FLUID I
9

GALS.)

10 COMPRESSORS OR SUPERCHARGERS

11

12 MOTORS

13 TURBINES

14 FANS & Blowers

15

16

17 TANKS

18 WATER SEPARATOR

19 REGULATOR

2O

21

22 SCOOPS & Ram Air Valves

23 DUCTING

24 SHROUDS

25

26

27 PLUMBING

28

29

30 BOMB BAY HEATING

31

32

33

34

35

36 CONTROLS - MANUAL

37

38 - ELECTRICAL

39

40 -HYDRAULIC

41

42 - PNEUMATIC

43

44

45

46

47

48 SUPPORTS & BRACKETS - WING

49 - TAIL

50 - BODY

51 - NACELLE

52

Pfellewl 3etlen

S/,e*em

56 TOTALS

53 PRESSURIZATION SEALING

54

$5

5

57 TOTAL - AIR CONDITIONING _TO BE BROUGHT FORWARD)

Heeelq

Syotem

PAGE

MODEL

REPORT

C_D/.

c--..o Equip o

svm. Coo llng

2_

4

4
16

7

46 8

38

N-309

61

*If not specified u 8pecieJ equipmmt.

5-II-43



AN-9102-D
NAME

DATE

AIR CONDITIONING & AHTI-ICIHG

EQUIPMENT GROUP

ANTI-ICING

PAGE
MODEL

REPORT

39

N-309

I

I

I
' 4 HEATERS

S
6

7

.i
9

10

*II

12

HEAT EXCHANGERS(MO.

JCODE NO.

IITU C*_lmelt T

13
14

15 DUCTING

16 SHROUDING
17
18

* 19 BOOTS
2O

'21 ATTACHING STRIPS
22
23 OIL SEPARATORS

24
2S AIR PU/dPS

26
27 AIR LINES & HOSES

28
29 TANKS

3O

'31 FLUID ( GALS.)
32
u
34
3S PLUMBING

36
37
38 DISTRIBUTOR - VALVE

39 - CONTROLS
4O
41

42 CONTROLS - MANUAL
43 - ELECTRICAL
44 - HYDRAULIC

45 - PNEUMATIC

r'47 WIRING. SWITCHES t RELAYS
48
49 SUPPORTS • Rl_r_r_ETS - WING

SO - TAIL
51 . _a¢__y

53

54 TOT Ats
55 TOTAL-ANTI-iCING
Sl TOTAL F____ PG. 31

Tell
AIw C emepy & Pvel

Prepelleq

Indastlee Wl_ishleld System

7 i

s7,0T_, m co,omoN,NG!_-,.m_.UM_mZJ_t
*If not Ipecifled M opeclld equipmem.

61

**Fmm meln dlNrllm_ point w *¢mx_x8 =-;c.

5-II-44
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I
AN-910_-D

NAME
DATE

PHOTOGRAPHICGROUP
PAua

MODEL

REPORT

40

N-309

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

3

* 4 EQUIPMENT ITEM .....

10
11

12
13

14

5 CAMERAS

15

16
17

18
19

20

21 MOUNTS & ADAPTERS
22
23

24

25
26

27

28 INSTALLATION PROVISIONS

29 TRIP & SYNCHRONIZATION UNITS
3O
31

32

33 PHOTO-ELECTRIC SYSTEM

3S
36

37

38
39
40

41

FLASHLIGHT BOMB INST.

VACUUM SYSTEM - PUNP

-PLUMBING
43 -GAGE
44
45

46 PRESSURE SYSTEM-PUMP
47 - PLUIdlIING

48 . GAGE
49

SO CONTROLS

Sl SUPPORTS
52

*$3 WIRING, RELAYS. SWITCHES
54

[ COOE NO.

5S
56 TOTALS

57 TOTAL - PHOTOGRAPHIC GROUP 0

*If mt specified 8s useful bad or 8pecisd eClUipmeus.

5-II-45

*tFmm main cUocribudoe poi-¢ to -,-matin I unit.

.. _ rn[ K_,m._c_ m[u.._cn_*, o.,o
m_ i?, IIM .11



AN:9102-D

NAME

DATE

AUXILIARY GEARGROUP
PAGE

MODEL

REPORT

41

N-3o9

Hendllnll Anest. Cetepult ATO

I

I
I

2 ICOOEHO.
3 HANDLING GEAR

4 ANCHOR

S ANCHOR LINE

6 PENDANT & CLAMP FITTING

7 LIZARD

E SHEAVES

9 WINCH - COIdPLETE

10 WINCH CRANK

11 ANCHOR HANDLING RIG OR DAVIT

12 WINCH ENGINE OR MOTOR

13
"!4 HOISTING SLING

15 WING HANDLING LINES

16 WATER RUDDER

17 FITTINGS - RECOVERY HOOK

18 . BEACHING GEAR ATTACHMENT

19 - TIEDOWN

20 - JACKING

21 - TOWING

22 - MOORING & SNUBBING

23 - ANCHORAGE

24 - LEVELING

25 - HOISTING

26

27 ARRESTING OR DECELERATION GEAR

28 TRAILING HOOK

29 HOOK POINT (TYPE )

30 EXTENSION GEAR

31 RETRIEVING GEAR

32 BUMPER

33 SHOCK ABSORBER

34 ATTACHMENT FITTINGS

35

36 BARRIER CRASH FITTINGS

37

38 DECELERATION - PARACHUTE

39 - CONTAINER & FITTINGS

40 - CONTROLS

41

42

43 CATAPULTING GEAR

44 CATAPULT FITTINGS

45 CATAPULT HOOKS

46 HOLDBACK FITTINGS

47

48 ASSISTED TAKE OFF

49 HQOKS

S0

51 CONTROLS- FIRING

52 - BOTTLE RELEASE

52 BOTTLE STOWAGE PROV. (140. BOTTLES )

$4

ss
54 TOT-AL_

$7 TOTAL - AUXILIARY GEAR GROUP 0

*!1 Mc qxtcilied u qpeci,J equJ_em.

I
I

I
i

I
I

I
I
I
I
I
I
I

I
I

Iv - T.E _eLICl J'_SS, _mt T0a. 0.1_

5-H-46



PRM 20*7A

R. 11 °e3)
ENGINEER

CHECKER

DATE

NORTHROP CORPORATION

NORAIR DIVISION

Variable Stability Syst_|

_Not Included in Weight Empty)

PAGE

REPORT NO.

MODEL

I|

42

Pitot Boom & Mount

q Sensor

Angle of Attack & Sideslip Sensors
Aeroflex Sensors

Aeroflex Unit & Indicator

3 Axis Accelerometers - Angular
- Translation

14

3

5

7

15

2

1

Attitude Gyro

Airborne Computer

Autopilot Unit

Cockpit Controllers
Transducers

Parallel Actuators

Radar Altimeter - Rec/Xmitter

- Antennas

7

74

18

8

16

21

I0

2

Doppler Radar - R-T Unit & Antenna

- Signal Converter

- Cockpit Controller (I)

- Mounting Rack
Provisions For Future Units

Installation - Electronic Units

- ServolMechanical

.Totals

21

17
4

86

331

2

43

62

62

169

Total Variable Stability Syst_t

14

3

5

7

15

2

i

7

74

18

8

16

21

I0

2

21

17

4

2

129

62

62

500

5-11-47

Equip- Installa-
merit tion Total



_ORM 20-7&

(R, 11-(53)
ENGINEER

CHECKER

NORTHROP CORPORATION

NORAIR DIVISION

PAGE

43
REPORT NO.

DATE MODEL

AMPR Weight Derivation N-309

The following Airframe Weight Derivation is based on the Aeronaut£cal

Manufacturer's Planning Report DD387-I Form dated June 1958.

N-309 - AD-4486A - Weight Empty - Composite Mode

Less=

I. Wheels, Brakes, Tires 196

2. Engines & Diverters 3,874

3. Cooling Fluid 0

4. Fuel Cells 90

5. Starters 0

6. Propellers 0

7. APU 0

8. Instruments 117

9. Navigational Equipment (inclo in #Ii) 0

I0. Batteries, Electrical Power Supply,

& Conversion Equipment 120

ii. Electronics 159

12. Turrets 0

13. Air Conditioning 25

14. C==eras 0

Contingency 267

N-309 - AD-4486A - AMPR Weight

Weight

Lbs.

12,685

7,837

5-11-48
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ENGINEER

CHECKER

DATE

NORTHROP CORPORATION
i

NORAIR DIVISION

i

CENTEr OF _I_II V/Tf L)/,/16t_,qM
r l i

19

/8

t_

L

PAGE

49

REPORT NO.

I" - : ......

:........_-IT-E....:i.....i......
•t :;:_--. - :- -

L

[-

-:|---

....... [

. i

/o

:._ " , ..
............. _.........-_........ ..-........ ._......... !.... :I----_-.-

. :,
: _ _- _ :

........i.i............:......................!......_--: ....i--............

! ':i ' i

• C_NT_n ,,0 K _A_B.VLT., g : ...., _ .......................
6-II-6_
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ENGINEER PAGE

NORTHROP CORPORATION 5o .

C.ECKER NORAIR DIVISION RZ,O_ NO.
II
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Weight Justification

*52

The weight estimate presented for the Northrop Norair version of the

NASA V/STOL Research Airplane Design Study is based on empirical fon_,ulae,

calculated and actual weight estimates.

The supporting data included in this section cover the calculations,

formulae, basic curves, allowances for special features, and assumptions and

other means for arriving at the estimated weights of the structural, power

plant and equipment groups°

Structural weights are based on the following design criteria referenceo

in the design criteria report.

Basic Flight Design Gross Weight = 18,O00 Ibs.

Flight Load Factor - 3.75 limit

Limit Sea Level Speed - 400 K

Basic Mission VTOL Gross Neight - Composite 18,000 Ibs.

Basic Mission WOL Gross Weight - Direct Lift 16,300 lus.

Equipment weights are predicated on the design requirements furnished

by the contracting agency. Instrumentation and furnishing weights are

consistent with those required for a two man crew to effectively fulfill the

design mission.

5-31-57
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Wing Group

The win 8 group weight estimate is estimated by using the following

empirical formula:

Ww = .008305

where_

(Wgii).620 (ARst).590 (S).640 / l+k_ .36 ( _6_ .500 .914

W w = Basic Flight Design Gross Weight

1i = Ultimate Flight Load Factor

ARst = Structural Aspect Ratio = AR/CoSc/4

S = Planform Wing Area

1 = Planform Taper Ratio - Ct/Cr

T.R = Thickness Ratio - Root Chord

V = Sea Level Limit Speed

Qc4 = Sweep Angle - 1/4 Chord

= 18,000 Ibs.

= 5.625

= 6.8

= 2 I0 sq. ft.

= •400

= 137.

= 400 knots

= 20 °

The estimated weight for the wing utilizing this basic formula is 833

ibs. An additional weight is calculated for the leading edge flap and back

up structure of 97 Ibso resulting in a total wing weight of 930 Ibs. The

basic wing weight determined above is plotted on the wing estimation chart

on page 54 for comparative purposes with other model airplanes.

Total Wing Weight 930 Ibs.

Tail Group

The weight of the tail group is estimated as a total group and also by

considering the horizontal and vertical components separately and applying

Northrop Noralr developed formulae.

5-II-58
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The tail group weight estimate as a total group is a function of the

wing weight in the following formula:

W t 1.072 W w

where

W t = Total Tall Group Weight - Ibs.

W w = Estimated Basic Wing Weight - 833 Ibs.

(less penalties)

The use of this formula results in an estimated tail group weight of

309 ibs.

In order to further substantiate the individual horizontal, vertical and

ventral component weights the following formulae were utilized:

Horizontal Tail

W h = 16.55

where,

m

Wg_S r bs/t Cw/Lt .4606

106

W h = Horizontal Tall Weight - ibs.

Wg = Basic Flight Design Gross Weight

= Ultimate Flight Load Factor

bs =

t =

Cw = Wing M.A.C.

Lt = Tall Length - I/4 chord _rlng

mac to I/4 chord horlz, tail mac

Theoretical Tail Area

Structural Span = Span/Bos i/4

Thickness Theoretical Root Chord =

= 18,000 ibs.

= 5.625

= 67.4 sq. ft.

= 237.3 ins.

7.9 ins.

= 75.3 ins.

= 180.7 ins.

The above par_neters used in the basic formula results in a horizontal

tail weight estimate of 128 Ibs.

5-II-60
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Vertical Tail

W v = .02184 (Wglj).432 ($v).791 (bs/hr).464 .952

where,

W v = Vertical Tail Weight - Ibs.

Wg = Basic Flight Design Gross Weight

]_ = Ultimate Flight Load Factor

S v = Vertical Tail Area

bs = Structural Span = Span/cos i/4

hr = Max. Thickness Root Chord

= 18,000 Ibs.

= 5.625

= 48 sq. ft.

= 155.3 in.

= 11.7 in.

The use of these design paranleters results in a vertical tail weight

of 144 ibs.

In addition to these estimated tall group weights, the dorsal fairing

is estimated at 2.0 Ibs/sq./foot resulting in an additional weight of 7 lbs.,

and the ventral fin/skid is estimated at 4.0 Ibs. a square foot for 28 ibs.

Summating the individual component weight estimates,

Horizontal Tail Weight

Vertical Tail Weight

Dorsal Fairing Weight

Ventral Fin/Skid Weight

Weight - Lbs.

= 128

= 144

= 7

= 28

Component Tail Group Weight = 307 ibs.

This component weight breakdown of 307 ibs. agrees favorably with the

weight estimate of the total tail group weight of 309 ibs. which is used as

the tail group weight estimate. A plot of the total tail group weight estimate

is included on page 56.

Tall Group Weight 309 Ibs.

571-62
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Body Group

The estimated weight of the body group is calculated by using the

following formula depicted in chart forth for comparative purposes on page 58.

W b = 4.57 (Wg][) "597 (B.D).298 (L)I.O97 .516

where,

W b = Basic Body Weight - Ibs.

Wg = Basic Flight Design Cross Weight = 18,O00 Ibs.

_L = Ultimate Flight Load Factor = 5.625

B = Max. Body Width = 5.667 ft.

D = Max. Body Depth = 5.25 ft.

L = Structural Body Length = 43.9 ft.

The estimated basic body weight using the above parameters is 2,280 Ibs.

A comparative plot is presented on page 58.

A correlation plot of the total wing and body weight estimates of the

co_,_parative model airplanes is depicted on page 60.

A weight penalty is assessed to the basic body weight for special design

features required for a VTOL airplane, i.e. lift engine air induction and

exhaust doors as follows:

Air Induction Doors - Lift Engine 2.0 Ibs/sq/ft 76 Ibs.

Exhaust Doors - Lift Engine 2.0 ibs/sq/ft 60 ibs.

Exhaust Doors - Lift/Cruise Engine 8.0 Ibs/sq/ft 42 Ibs.

Mechanism - Lift Engine Doors - 7.0 ibs. engine 49 ibs.

Mechanism - Lift/Cruise Doors - 15.0 ibs. engine 30 Ibs.

Total Estimated Weight for

Special Features 257 ibs.

Basic Estimated Body Weight 2,280 ibs.

Body Group Weight 2,537 ibs.

5-11-64
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Alightin_ Gear

The alighting gear group weight is normally estin,ated using design

gross weight and load factor as given by the equation in the chart on page 62°

In this particular airplane, however_ the cost factors involved in designing

a i00 percent new alighting gear dictated the utilization of existing components

as far as possible, and results in a somewhat less than optimum weight gear.

The base alighting gear weight estimate is calculated from the following

formula for the accuracy analysis statement.

Wg = .05195 EWg_,_ "801

The use of this equation results in an alighting gear weight estimate

of 531 Ibs.

In order to further substantiate the estimated weight of the alighting

gear the following component weights are presented.

Nose Gear A4E - Report 31388

Rolling Stock

Struct

Controls

Main Gear

Rolling Stock

Wheels F-SA

Tires F-SA Actual

46

49

2b Ibs

159 Ibs

7 Ibs

170 Ibs

192 ibs

600 Ibs

Brakes F-SA Modified 75

5-II-66
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The main gear strut weight is based on the following formula,

W s : .001514 _(al )'776 ('[i) "167 (L).768_ 1.11541

where,

W s =

W I =

_iI =

L =

Total Strut and Brace Weight

Landing Weight

Landing Load Factor

Struct Length - _ Trunnion

to _ axle - fully extended

= 18,000 Ibs.

= 2.5

= 68 ins.

The calculated strut weight based on the above parameters is

Shrink Mechanism

Controls Weight - similar to the F-SA

Alighting Gear Group Weight used for estimate

322 Ibs.

8 Ibs.

i00 ibs.

792 Ibs.

5_urface Controls I Hydraulics & Electrical Groups

The weight of the surface controls, hydraulic and electrical groups are

estimated as a single group by the following em,pirical equation.

Wsh e = 2.12 (Wg]j).623 (L+B).224 (Vsl). 16 .654

where,

Wsh e = Total Weight of Surface Control, Hydraulic & Electrical

Groups (less special features)

Wg = Basic Flight Design Gross Weight

Ii = Ultimate Flight Load Factor

L = Fuselage Length

B = Wing Span

Vsl = Sea Level Limit Speed

= 18,000 Ibs.

= 5.625

= 45.5 fro

= 35.5 ft.

= 400 knots

5-II-68
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Tile weight estimate derived from the above parameters for these design

groups is 850 Ibs. A plot of this formula is included on page 64 for com_parison

with other model aircraft.

In order to check this empirical weight estimate and to provide adequate

weight distribution for balance computations, the individual systems are

analyzed from preliminary system_ drawings and are entered in detail on the

Detail Weight Statement, AN-9102D. The resulting group weights are as follows:

Weight-Lbs

Surface Controls Group

Hydraulic Group

Electrical Group

508

190

335

The sun_uation of the above individual group weight estimates is 1,033

Ibs. or 183 ibs. over the empirical weight analysis. This additional weight

increment is attributable to the surface control group special features,

stability augn_enter systemL, leading edge flap controls, and reaction nozzle

boost actuators.

Total Surface Controls, Hydraulic

& Electrical Groups 1,033 Ibs.

Engine Section

The engine section weight estimate is obtained by calculating the com-

ponents weights fr_n the lift/cruise and lift engine layouts.

Lift/Cruise Engine Bay

Nacelles

Structure 2.0 Ibs. sq. ft. - 74.8 sq. ft. ea.

Blast Plates .I0 steel - 951 sq. in. ea.

291

54

491 Ibs.

5-11-70
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Mounts

Engine & Diverter Valve - Calculated

Tall Pipe & Nozzles - Calculated

Firewalls & Blankets

Firewalls - .016 steel + 5% attach

Blankets - Minimum Requirement

Lift Engine Bays - 7 engines

Mounts

Structure Mounted Mounts

Trunnlons

Engine Mounted Mounts

Firewalls - .016 Steel

9,930 sq. in.

4.0 Ibs. eng.

3.0 Ibs. eng.

2.0 Ibs. eng.

18.0 Ibs. eng.

22

26

95

3

189 ibs.

28

21

14

126

Total Engine Section 680 Ibs.

Propulsion Group

The weight of the Propulsion Group is estimated by components as shown below.

Lift/Cruise Engine Installation

Engine Installation

The engine weight for the General Electric YJ-85 GE-19 as quoted in Model

Specification EI129 is as follows:

Engines (2) YJ-85 GE-19 Dry Weight

Bleed Tubes (2)

Insulation (2)

Residual Fluids (2)

Total Engine Installation

764

4

6

I0

784 Ibs.

5-II-71
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Diverter Valves

The diverter valve weight is referenced in Vol. II - C.E. Diverter Valve

Final Report.

Diverter Valve (2)

Diverter Tall Pipe

Pipe .050 Steel (2)

Bellows - 2 Req. Per Engine

Flanges & Bolts 5.0 Ibs. Engine

Total Diverter Tail Pipe

Cruise Tall Pipe - 0050 Steel

Ejectors - Allowance 7.0 ibs. Engine

Accessory Drives - CSD - CFSA 70 Ibs. ea.

Air Induction - 2.0 Ibs. sq. ft.

Ensine Controls

Throttle Quandrants 2 - 7.5 Ibs. ea.

Amplifiers 2 - 1.5 Ibs. ea.

Actuators 2 - 3.0 Ibs. ea.

Wiring - Allowance

Total Engine Controls

Startln_ System - Air Impingement

Impingement Fitting (L.H. only)

Shutoff Valves

Ducting & Bellows

Starting System Total

150 ibs.

50

20

I0

80 ibs.

44 Ibs.

14 Ibs.

140 Ibs.

36 Ibs.

15

3

6

4

28 Ibs.

4

6

5

15 Ibs.

5-11-72
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Lube System - Filler Necks, etc. 2 Ibs.

Fuel System

The fuel system weight is estimated using the following formula for the

accuracy analysis back up data.

Wfs = .695

where,

Wfs = Fuel System Weight

Wf

.760
wf

= Total Fuel (including warm up fuel)

This calculation results in a fuel system weight of 400 ibs. In order to

check this empirical method the fuel system was analyzed from layouts and

the breakdown by components is shown in the detail weight statement,

AN-9103D. The fuel system build-up by components results in a weight of

375 Ibs., a 25 lb. reduction from the empirical method and is justified

by the fact that there is no single point fueling and no wing fuel pro-

visions.

Fuel System Weight

Total Lift/Cruise Installation

375 Ibs.

1,668 ibs.

5-H-74
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Lift Engine Installation - 7 Engines

Engine Installation

The engine weight for the General Electric YJ-85-GE-19 engine quoted in

Model Spec EI129 is reduced by 5 Ibs. per engine by the removal of the

overspeed provisions.

Engines (7) YJ-85-GE-19 377 Ibs. ea. 2,639

Bleed Tubes (7) 2 Ibs. ea. 14

Insulation (7) 3 Ibs. ea. 21

Residual Fluids (7) 5 ibs. ea. 35

Vector Nozzle (7) 33 Ibs. ea. 231

Lift Engine Ejectors 14

Total Engine Installation

Air Induction (7) 5.0 Ibs. engine

Starting System

Ducting (7) 1.0 Ibs. engine 7

Starting Valves (7) 2.7 Ibs. engine 19

Total Starting Syste_n

Controls

Throttle Quadrants (inl. in lift-cruise)

Amplifiers (7) 1.5 Ibs. engine 10.5

Actuators (7) 3.0 Ibs. engine 21.0

Installation 18.5

Total Controls

Lube Syste_n (7) 1.0 lb. engine

Total Lift Engine Installation

Total Propulsion Group

2,954 Ibs.

35 ibs.

26 Ibs.

50 Ibs.

7 Ibs.

3,072 Ibs.

4,740 Ibs.

5-11-75
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Instrument Croup

The instrument group weight is derived by applying actual and specification

weights to the flight and engine instruments required for the fulfillment of

the design mission. For each instrument, a weight allowance for installation

of wiring, tubing and hardware is included. These weights are shown in detail

in the Detail Weight Statement_ AN-9102D.

Instrument Group Weight 171 Ibs.

Hydraulic & Electrical Groups

The weights of these groups are included in the surface controls, hydraulic

and electrical group weight derivation. A component breakdown based on the

individual systems is detailed in the Detail Weight Stat_nent.

Electronics Group

The electronics weight estimate is predicated on the navigation and

communication requirements specified in the NASA Request for Proposal L-7151

Statement of Work. A compilation of this equipment by set designation is

included in the Detail Weight Statement.

Furnishings and Equipment Group

Electronics Group Weight 220 ibs.

The Furnishings and Equipment Group weight is a composite of a number

of individual estimated weights. These individual estinmtes are based on the

use of existing equipment, where possible, vendor information, design drawing

and sketches and weights of similar components and sub-systems used in other

single and dual seat airplanes.

5-I1-76
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Acconznodations For Personnel

Crew Seats

Item

Basic Seat

Lap Belt

Harness

Adjust. Mech.

Catapult

Tracks & Supts.

Cushion_ etc.

Basis For Estimate

Unit No. Total

Wt. Req. Wt.
North American LW-2D 69 2 13_

North American LW-2D 2 2 4

North American LW-2D 3 2 6

Northrop T-38A 7 2 14

North American LW-2D 24 2 48

Northrop T-38A 15 2 30

North _merlcan LW-2D 20 2 40

280Total Crew Seats

Oxygen System (1800 psi gaseous)

Item Basis For Estimate

Bottle Zep Aero Co.

Regulators_ etc. Zep Aero Co.

Plumbing, est. Northrop T-38A

Total Oxygen SystBLl

bliscellaneous..... Equipment. & Furnishings

Miscellaneous Equipment

Item Basis For Estimate

R. V. Mirror T-38A

Glare Shields T-38A

Inst. Panels T-38A

Consoles, etc. T-38A

Total Miscellaneous Equipment

Furnishings

Item Basis For Estinmte

Data Cases T-38A

Soundproofing Allowance

Misc. Stowage Allowance

Total Furnishings

Emergency Equipment

Item

Control Unit

Detectors

Control Box

Wiring

Basis For Estimate

T-38A (J85 engines)

T-38A (J85 engines)

T-38A

Allowance

Total Emergency Equipment

Total Furnishings and Equipment Group

Unit No. Total

Wt. Req. Wt.
12 1 12

2.5 2 5

25

Unit No. Total

Wt. Req. Wt.
i i 1

2 2 4

2 8 16

- - 23

44

Unit No, Total

Wt. Req. Wt.

.... 17

26

Unit No. Total

Wt. Re_ Wt.
1.50 1 1.5

1.65 i0 16.5

1.00 I0 I0.0

.... 7.0

35.0

(305 Ibs.)

( 70 lbs.)

( 35 ibs.)

410 pounds
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Air Conditioning and Anti-Icing Group (68 Ibs.)

The air conditioning and anti-icing system is a combined heating and

cooling system which utilizes engine bleed air as the heat source. The air is

extracted from both llft/cruise engines final compressor stage and passed

through ducts to the heat exchanger and expansion turbine and then on to the

cockpits and equipment bays. The air is exhausted from the cockpits to the

equipment bays for component cooling. The aft bay cooling will be fan auto, anted.

Since cabin pressurization is not required, the syste_t is not sealed beyond

that necessary to satisfy the air conditioning requirements. No penalty was

assessed for pressurization equipment.

Air Conditioning

The weight of this system was obtained by analysis of preliminary sch_uatic

diagrams, by using data from the T-37A trainer, the Northrop T-38A, and from

information supplied by The Garret Corporation concerning the weight of the

heat exchanger/turbine package. The following is a breakdown of the estimated

weights of this system:

Weight,

Item Source of Information Pounds

Heat Exchanger & Turbine

Water Separator

Fans & Blowers

R_ Air Valves

Cockpit Controls

Ducting & Scoops

The Garret Corp. 25

Cessna T-37A 2

Northrop T-38A 4

Northrop T-38A 4

Cessna T-37A 7

Weight Allowance 19

61Total Air Conditioning System

5-II-78
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Ant i -.,l.c i ng

The only anti-icing system weight allowance made was for windshield and

canopy de-fog system, and is broken down as follows:

Weight,

Item Source of Information Pounds

Ducting Preliminary Schematics 5

Valves Cessna T-37A 1

Cockpit Controls Cessna T-37A 1

Total Anti-lcing

Hover Controls Group

The Hover Controls Group is defined as the pneu_atic portion of the

hovering controls and includes the weight of the ducting, insulation and

reaction control valves. The weight of the electronic controls, electro-

hydraulic servos and actuation mechanisms is included in the Surface Controls

Group and in the Variable Stability System.

The ducts are assumed to be connected by means of bolted flanges and/or

clamped joints, with load relieving bellows welded to the ducts and appropriately

spaced throughout the system.

The bellows and bolted flange weights are estimated from the graph on

page 77. The equations of these curves were derived from weight calculations

based on the figures shown above this graph. Bolted flanges are used to join

all ducts with diameters larger than 4 inches and on the small ducts that

attach to the engine bleed ports. Clamped couplings are used on the balance

of the ducts. The clamped coupling weights used are the Mammon J-1l series

clamped joints listed in the Mammon Company catalogue.

The insulation is used on the forward and aft fuselage ducts, and on the

wing ducts from the fuselage mold line to wing station 135. Outboard of wing

I
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station 135, the wing is assumed to have titanium structure in the duct area.

No insulation is used in the engine bay. The insulation weights are based on

a 0.5 inch thick blanket with a density of 7 pounds per cubic foot with 2 mil

steel face sheets on each side. The insulation weights were calculated to be

.08951 pounds per linear inch for the 8.5 inch ducts and 0.04475 pounds per

linear inch for the 4 inch diameter ducts.

The reaction control valve weights were calculated fro,, preliminary design

drawings.

The fairing covering the aft control valve is estimated to be 25 pounds.

The tip pod weight was calculated at 15 pounds each. The surface area of

each tip pod was calculated to be 8.17 square feet. The weight per unit area

is 1.84 pounds per square foot. This agrees closely with the value obtained

for a smaller tip fairing used on a previous design (N-289).
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The following is the estimated hardware inventory for the Hover Control Syster_,.

Wt.

It_l Location Size (Stainless Steel) Lb_,.

Ducts

Fwd. Fus. Duct

Cntr. Fus. Manifold

Aft Fus. Duct

Cntr. Fus. Manifold

Cntr. Fus. Wing T. O.

Cntr. Wing Ducts

Outr. Wing Ducts

Engine Bleed Ducts

Engine Bleed Ducts

Engine Bleed Ducts

8.5 din x 155 long x .020 wall

8.5 dla x 115 long x .040 wall

8.5 dla x 160 long x .020 wall

6.0 dia x 70 long x .036 wall

5.5 dla x 3 long x .020 wall

4.0 dla x 50 long x .020 wall

4.0 dia x 420 long x .020 wall

3.0 dia x 96 long x .020 wall

2.0 dia x 240 long x .020 wall

1.5 dia x 60 long x .020 wall

Transition Ft_s. ("Y" and "T" Figs.)

Cntr. Fus. 8.5 din to 6.0 din x .036 wall (2 req)

Wing Take-off Tee 5.5 dia to 4.0 dia x .020 wall (I req)

Engine Bleed 3.0 dla to 2.0 din x .020 wall (6 req)

Engine Bleed 2.0 din to 1.5 dia x .020 wall (14 req)

Bellows

Fuselage Ducts

Fuselage Ducts

Wing Take-off Duct

Wing Ducting

Engine Bleed

Engine Bleed

Engine Bleed

8.5 dla. 8 req@ 4.2 ea.

6.4 dia. 4 req@ 2.3 ea.

5.5 din. I req@ 1.7 ea.

4.0 dia. 6 req@ 1.2 ea.

3.0 dia. 12 req@ .9 ea.

2.0 dia. 14 req@ .6 ea.

1.5 dla. 37 req@ .5 ea.

Clamped Couplin_s (Marmon J-ll series including flanges & gaskets)

Wing Ducts 4.0 dia. 2 req @ .970 ea.

Eng. Bleed Ducts 3.0 dia. 6 req @ .785 ea.

Eng. Bleed Ducts 2.0 dia. 16 req @ .498 ea.

Eng. Bleed Ducts 1.5 dia. 20 req @ .333 ea.

Bolted Flanges

Fuselage Ducts

Wing Ducts

Eng. Bleed Ducts

Eng. Bleed Ducts

8.5 din. 12 req @ 2.7 ea.

4.0 dia. 8 req @ 1.2 ea.

2x2 square 24 req @ .15 ea.

1.5xi.5 square 36 req @ .I0 ea.

Insulation (.50 inch thick blanket with density = 7 Ib/ft 3 and 2 mil

steel inner and outer face sheets)

Fwd. Fus. Ducts 8.5 dla. @ .08951 ib/in x 155 in.

Aft Fus. Ducts 8.5 dia. @ .08951 ib/in x 160 in.

Wing Ducts 4.0 diao @ .04475 Ib/in x 150 in.

(14/)

24

35

24

14

Llel,'.

4

5

2

(36)

2

7

Ll

(g_)
34

9

2

7

11

L6

(22)
2

5

7

(50)
32

I0

4

4

(35)

14

14

7
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Wt.

Item_ Location Size (Stainless Steel) Lbs.

Valves

Engine Bleed Check Valves,

Pitch/Yaw Control Valves,

Roll Control Valves

18 req@ 1.5 ea.

2 req@ 24 lb. ea.

2 req@ 1.5 lb. ea.

(94)
27

48

19

Fairings (55)

Tip Pods 2 req@ 15 lb. ea. 30

Tail Cone Fairing 1 req@ 25 lb. ea. 25

Total Estimated Weight - Basic Config.

Hover Control System 528

5-_-8u
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Basic Information N-309

Mode i Manufacturer Report Number

T-38A Northrop-Norair NOR-66-324

F-IO0C North American Not Available

F-I04C Lockheed Not Available

F-IOSD Republic EW-97-211

F-IO6A Convair ZW-8-532

F-IO7A North American Not Available

F8U-3 Chance Vought ESR-II360

FIIF-I Crumman 375-IR

F-SA Northrop-Norair NOR-66-56

RF4C McDonnell A-560

A4£ Douglas 31388

P-I127 Hawker Aircraft Issue No. I

5-H-84
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N-309

Actual X = 1.000

Model Estimated X-_

T-38A o950 .050

F-IOOC 1.070 .070

F-IO4A 1.007 .007

F-105D 1,029 .029

F-IO6A .990 .010

F-107A 1.024 .024

FSU-3 .965 .035

FIIF-I 1.044 .044

F-5A .974 .026

RF4C 1.026 .026

A4E .979 .021

P-I127 .946 .054

E Actual = 12.004
Estimated

= 1.000

_" (X-X) 2 = .016836

S = _ _I(X-_)2/(IT- 1 )_

S = .03912

X-S = 0.96088

X+S = 1.03912

.5

Ref. SAWE Paper No. 529

Confidence Level 90%

X = I.ooo

S = .03912

LeL (l-d) = 0.90

,', d = 0.i0

Since d = 0. I0, t=tl.O_.OS=to.950
]] = 12.0 so df = ii.0

Use Table

t : 0o950 for df = II.0 is 1.796

ts

Upper Interval = X u = X + _--

= 1.00 +
1.796 x .03912

12

= 1.00 + .020282

,'o Use .020 for contingency

5-H-8 5
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N-309

The Accuracy Analysis Basic Data presented in this report utilize the

following basic fo_,ulae for the individual design group weight estimates.

Wing Group

W w = .008305 (Wg]l)'620 (ARst)'590 (S)'640 "2TR/_I+X_.36 (I _ _)V

where,

Wg

]l

ARst

= Design Gross Weight - ibs.

= Ultimate Flight Load Factor

Structural Aspect Ratio - AR/Cos42

S = Gross Wing Area - sq. ft.

l = Planform Taper Ratio - Ct/Cr

TR = Thickness Ratio - Per Cent Root Chord

V = Sea Level Limit Speed - Knots

.500 .914

Tail Group

where_

W n

E _. 842W t = 1.072 W w

= Basic Wing Weight - Ibs.

Body Group

Wb

where 9

Wg =

II =

B =

D =

L --

= 4.57 _Wg_) "597 (B'D) "298

Design Gross Weight - Ibs.

Ultimate Flight Load Factor

Maximum Width - ft.

Maximum Depth - ft.

Fuselage Length - ft.

(L)I.097--[ .516

5-II-86
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A light in_ Gear

Wg = .05195 _ Wglj)_ "801

where,

Wg = Design Gross Weight - Ibs.

II = Ultimate Flight Load Factor

Surface Controls t Hydraulics & Electrical

Wsh e = 2.12 I (Wgll) "623 (L+B)
L_

a

.224 (Vsl). 167 .654

where_

Wg = Design Cross Weight - ibs.

]j = Ultimate Flight Load Factor

L = Fuselage Length - ft.

B = Wing Span - ft.

Vsl = Sea Level Limit Speed - Knots

Fuel System

El°°Wfs = .695 Wf

where,

Wf = Internal Fuel - ibs.

5-II-87
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PAGE
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m[P_R I RV

MODEL

N-309

.,AN-91030 Group Weight Statement

Wing Group
Tail Group

Body Group

Alighting Gear Group

Surface Controls Group
Engine Section

Propulsion Group

Instrument Group
Hydraulic Group

Electrical Group

Electronics Group

Furn. & Equip. Group

Air Cond. Group

Hovering Controls

Accuracy Other

Analysis Weight
2% 5%

AD- 44_ 6A
Accountable Estimated

93O

309

2,537
792

508

68O

3,874 4,740
171

190
335

159 220

410,

68'

528 '

4,033 12,418

400 400

63 63

45

833 97

309 --

2,280 257

531 261

325 183

680

375 491

171

190

335

61

410

68

528

Weight Empty
Useful Load

Crew

Engine Oil

Unusable Fuel

5,178 3,207

45

/
k

Operating Weight Empty

Contingency

5,178 3,252 4,496 12,926

104 163 -- 267

\

\

\

\
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Section II

Modlfied Airplane

T-39A

Drawin E No. AD-4448A

See Page 1-13 of this report
or Page 5-II-113 of this section/
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96

Structure

Wing

Tail

Body (incl. air induction
& exhaust doors)

Alighting Gear

Propulsion & Nacelle (3,649)

Engine Installation 3,096

Swivel Nozzle/Diverter Valve 264

Engine Section, Nacelles

& Pylons 146

Air Induction 40

Exhaust & Cooling 16

Lubrication Systeml 7

Engine Controls 50

Starting System 30

Constant Speed Drives --

Fuel System --

Direct Lift

Power Systems

Surface Controls

Hydraulics

Electrical

Hover Controls (ductlng & valves)

Equipment Groups
Instruments

Electronics

Furnishings & Equipment

Air Conditioning & Anti-Icing

Auxiliary Gear

Contingency

Weight Empty

Lift/Cruise

(2,438)

784

150

745

36

138

2

28

15

140

400

AD-4448A

Cat. II

Composite

T-39A

Modified

(5,750)

1,795

311

2,555

I,O89

(6,087)

(1,658)

508

190

335

625

( 869 )

171

220

410

68
u_

(287)

14,651

Original

T-39A

NA

63-1347

(4,381)

1,661

311

1,780

629

(1,644)

980

343

29

44

I

30

22

195

(1,395)

326

145

924

(1,843)

166

464

877

333

3

9,263

Operating Weight Empty Items

Crew (2)

Unusable & Trapped Fuel

Oil

(515)
400

45

7O

534)

340

170

24

Operating Weight Empty

Usable Fuel

Payload

15,166

4,234

800

9,797

6,863

I,I00

Maximum VTOL/Gross Weight

Limit Load Factor (400 at 16,527 Ibs.)

5-11-102

20,200

3.27

17,760

3.72

I
I

I
I

I
i

I
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I
I
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I
I
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I
I
I
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AN-9 |03-D

SUPERSEDING

AN-9103-C

NAME

DATE

PAGE

MODEL

REPORT

_J_-4448A

Composite Mode

T-39A

Modified Airplane

GROUP WEIGHT STATEMENT
ESTIMATED • a'w_mKZlrlrm_mmm_v

(Cross o_ tkose metepplicable)

CONTRACT NO.

AIRPLANE, GOVERNMENT NO.

AIRPLANE, CONTRACTOR HO.

MANUFACTURED BY

IM
Z
B
Z
IM

Z
-I
-J

o

MAIN AUXiLiARY-Lift

MANUFACTURED BY General Electric General Electric

MODEL J85-19 J85-19

NO.

MANUFACTURED BY

DEiGN NO.

NO.

8

5-I1-103
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AN-9103-D

NAME

DATE

GROUP WEIGHT STATEMENT
WEIGHT EMPTY

PAGE

MODEL

REPORT

I WING GROUP

2 CENTER SECTION - BASIC STRUCTURE 6,00

3 INTERMEDIATE PANEL . BASIC STRUCTURE

OUTER PANEL - BASIC STRUCTURE (INCL. TIPS LBS.) lt096
S

6 SECONDARY STRUCTURE (INCL. WlHGFOLD MECHANISM LBS.) 37

7 AILERONS (INCL. BALANCE WEIGHT 9 LBS.) 56

8 FLAPS. TRAILING EDGE 94

9 - LEADING EDGE

10 SLATS 112
11 SPOILERS

12 SPEED BRAKES

13

14

15 TAIL GROUP

16 STABILIZER - BASIC STRUCTURE H 136
17 FINS . BASIC STRUCTURE (INCL. DORSAL LBS.) V

18 SECONDARY STRUCTURE (STAB. & FINS) H = 8 V = 3

19 ELEVATOR(INCL. BALANCE WEIGHT 21 LBS.) H
RUDDERS (INCL. BALANCE WEIGHT 6

55

11

78

20 LBS.) V 31
21

22

23 BODY GROUP

24 FUSELAGE OR HULL • BASIC STRUCTURE

25 BOOMS . BASIC STRUCTURE

26 SECONDARY STRUCTURE . FUSELAGE OR HULL

27 - BOOMS

28 - SPEEDBRAKES

1,940

695

194

2o0

29

3O
- DOORSf PANELS & MISC.

31 ALIGHTING )
32

33

34

35

36

37

38

GEAR GROUP - LAND (TYPE: Tricycle

WHEELS, BRAKES
LOCATION

TIRES t TUBESf AIR

Main - Nacelles 260

Nose - Fuselage 26
Main - Heat Shield

35 i

40 ALIGHTING GEAR GROUP . WATER

STRUCTURE

372

134
200

CONTROLS

63

34

41

42

43

44

LOCATION

45

46 SURFACE CONTROLS GROUP

FLOATS

STRUTS L CONTROL, S

47 COCKPIT CONTROLS

48 Stability AuKmentatlon System
49 SYSTEM CONTROLS(INCL. POWER & FEEL CONTROLS LBS.)

68

118

322

5O

51 ENGINE SECTION OR NACELLE GROUP

52 INBOARD t53 CENTER - Lift EnBines 216

54 OUTBOARD- Lift/Crulse EnBines 675

55 DOORS, PANELS & MISC.
56

57 TOTAL (TO BE BROUGHT FORWARD)

98

T-39 Mod.

1,795

311

5O8

891

7,149

I
I

I
I

I
I
I

I

I

I
I

5-_-i04 ;



I
I

AN-910J-D

NAME

DATE

GROUP WEIGHT STATEMENT
WEIGHT EMPTY

PAGE

MODEL

R!PORT

99

T-39 Hod.

I

I
I
I

I
I

I
I

I
I
I

I

I
I
!

I

I PROPULSION GROUP

4

ENGINE INSTALLATION

AFTERBURNERS (IF FURN. SEPARATELY)

S ACCESSORY GEAR BOXES & DRIVES - CSD

6 SUPERCHARGERS (POR TURBO TYPES)
7 AIR INDUCTION SYSTEM

EXHAUST SYSTEM & Cooling

Swivel Hozzle/Diverters
10 LUBRICATING SYSTEM

11 TANKS

12 COOLING INSTALLATION

13 DUCTS, PLUMBING, ETC.
14 FUEL SYSTEM

Is TANKS-PROTECTED

16 -UNPROTECTED

17 PLUMBING, ETC.

18 WATER INJECTION SYSTEM

19 ENGINE CONTROLS

2O

21

STARTING SYSTEM

PROPELLER INSTALLATION

22

23

24 AUXILIARY POWER PLANT GROUP

AUXILIAIIY -Lift

3,096

4O
16

264

5O

3O

2

97

303

MAm-Cruise

784

140

36

138

150

400

28

15

5p196

25 INSTRUMENTS & NAVIGATIONAL EQUIPMENT GROUP 171

26 HYDRAULIC & PNEUMATIC GROUP 190

62527 Hover Control System (ducting & valves)
38

39 ELECTRICAL GROUP

30

31

32 ELECTRONICS GROUP

33 EQUIPMENT 174

34 INSTALLATION 46

35

36 ARMAM-E-NT GROUP (INCL. GUNFIRE PROTECTION LIIS.)

37 FURNISHINGS & EQUIPMENT GROUP

ACCOMMODATIONS FOR PERSONNEL38

45

30.$

39 MISCELLANEOUS EQUIPMENT 44

40 FURNISHINGS 26

41 EMERGENCY EQUIPMENT 35
42

43 AIR CONDITIONING & ANTI-ICING EQUIPMENT GROUP

44 AIR CONDITIONING & Equipment Coolin_ 61

_ANTI-ICING - Cabin De-Fo_ 7
46

47 PHOTOGRAPHIC GROUP

48 AUXILIARY GEAR GROUP

49 HANDLING GEAR

SO ARRESTING GEAR

$1 CATAPULTING GEAR

52 ATO GEAR

53

54

55 fm_a_----;_--,T..--,_...... - ...... :__-'_
M

S6

335

220

410

68

287ContingencY

TOTAL FROM PG. 2 71149

I1 WEIGHT EMPTY 14t651

5-II-105



AN-9105-D

NAME

DATE

GROUP WEIGHT STATEMENT

USEFUL LOAD & GROSS WEIGHT

PAGE

MODEL

REPORT

I00

T-39 Modo

I LOAD CONDITION
2

3 CREW(NO. 2 }

4 PASSENGERS (NO.

7 INTERNAL- Flight

8 - Flight
9

10 EXTERNAL

11

S FUEL T_e Gele,

6 UNUSABLE jP-4 6.9
JF-4 651.4

12 BOMB BAY

13

JP-4 588.0

14 OIL

15 TRAPPED

16 ENGINE

17

18 FUEL TANKS(LOCATION

19 WATERINJECTION FLUID{, G_LS)
20

21 BAGGAGE

22 CARGO

23

24 ARMAMENT

25 GUNS (L._.,._)

26

27

28

29

3O

31

32 AMMUNITION

33

34

35

36

37

38

39

e40

41

Fix. er Flex. Qey. Cel.

INSTA_LL_ATIONS (_m_-HB, TORPEDO, ROCKET, ETC.}
BOMB OR TORPEDO RACKS

42 Variable Stability System

43N_BA Research Equipment

44

45

46 EQUIPMENT

47 PYROTECHNICS

48 PHOTOGRAPHIC

49

*SO OXYGEN

SI

n MISCELLANEO_

$4

U USEFUL LOAD

56 WEIGHT EMPTY
$7 GR-r_-- WEIGHT

Composite
Hode

400

45

4x234

70

)

500

3OO

5.549

14.651

20t200

Direct

LifL Hode

4O0

.m

_,622

84

5OO

4.851

15.349

20_200

*If m¢ q, eclfied -= weiSbt =mP_.

5-II-106
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AM-qlO_-D

NAME

DA I'E

I

2

3

4

5

6

"7

GROUP WEIGHT STATEMENT PAGE 101
MODEL T-39 Nod.

DIMENSIONAL & STRUCTURAL DATA
REPORT

LENGTH - OVERALL (FT.) 55o.5 HEIGHT OVERALL STATIC FT.) 17.2

LENGTH - MAX.--(F-T-,+i .................... | ............................. 47-o-0-0--- ii [_3o7__:_ ........... |. ............

DEPTH . MAX:--(l:-:rl) .................... I ........... 7_____7_____ ........ ()o 4-2-- 2.4_2| __

WIDTH - MA X: (-FT.)- ........................ [ ........ -_-----_-+-_ _I ...... -- ....... 5 2-75-- .... _81 ........ [+ ...........

WETTEDFLoAToRAREAHuLL(-SQ"_F_T.)_DISPL.- MAX....... :_----(LBS.) .... :-ii ........................ "__-::: : :__-:_: ():O ::-::[:-: :+[- ][--"-_:: _:::

8 FUSELAGE VOLUME (CU. FT.)
9

10 GROSS-AREA (SO. FT.)

ii WEIGHT/GROSS AREA (LBS./SQ. FT.)

i2 SPAN (FT.)

13 FOLDED SPAN (FT.)

SWEEPBACK-. AT--25,%-C_ RI) -LiN-E(D-I_G RE ES)

-AT %CHORD LINE (DEGREES)

THEORETICAL ROOT CHORD . LENGTH (INCilES)

. MAX. THICKNESS (INCHES)

CHORD AT PLANFORM BREAK. LENGTH (INCHES)

- MAX. THICKNESS (INCHES)

THEORETICAL TIP CHORD-LENGTH (INCHES)

PRESSURIZED

14

- MAX. THICKNESS (INCHES)

DORSAL AREA: INCLUDED IN (FUSE.) (HULL) (V. TAIL) AREA (SQ. FT.)

15

16

*'17

18

** 19

20

**'21

22

23

24

TOTAL

Wing H. Tell V. Toll

34__22.000_7 7. o0 ....._!L,__8_

.___55_,_225_ _ 2,_88_ ........ __2_!_+

___44,6__4 _]._Z, 5 5 ....... _7_,____6___

....................................

.............................

28.5_5._3o_.oo....._3_o_,_oo_

.z39,8 
15.81 8.1 9044

44 L__[- 2 4,_1_7_.... 22_32 ....

4.20 2.43 ._ 2__._83....

6.13
TAIL LEHGTH 25% MAC WING TO 25% MAC H. TAIL (FT.) 17.32I

I

I
I

25

26

27

28

29

30

31
32

33

AREAS (SO. FT.) (Per APN) Flops L.E. T.E. 40.26

C..=l .,,ol. Slo,. 36034 Spellers

Itokes Win e Fuse. oe Hull

Elev ors
Rudder

ALIGHTING C,E AR (LOCATION)

LENGTH - OLEO EXTENDE-[) -([ AXLE TO _ TRUNNION (INCHES)

OLEO TRAVEL - FULL :TENDED TO FULL COLLAPSED (INCHES)

FLOAT OR SKI STRUT ICGTH (INCHES)

Nose

65.90

17.90

A. .... 16.42

16.52

8.95

Main

53.40

14.00

34 -ARRESI:ING HOOK LENGTH -_ HOOK TRUNNION TO (_ HOOK POINT (INCHES

35 HYDRAULIC SYSTEM CAPACITY (GALS.)

36 FuEL & LUBE SYSTEMS cecm,o. No. Toeks nee*Gall. Protected 14o. Tanks ****Gels. Unprotected

Wing

Fuse. of Hull

_7 Fuel - Internol

38 +
39 -- . e.,.,,ol

_ +

40 - BombBoy
41

42 oil

43
44 ..........

I
I

I

45 STRUCTURAL DATA-CONDITION

46 FLIGHT

47 LANDING

48

49 MARX. OSS WEIGHT WITH ZERO WING FUEL

-50 CATA; LTING

5i MIN. FLYING WEIGHT

52 LIMIT RPLANE LANDIHG SINKING SPEED (FT./SEC.)
53 WING LIFT ASSUMED FOR LANDING DESIGN CONDITION (%W)

Fuel In Wings (Lbe.) |trill GI, OII Wullht

!6_527

Oh. L.F.

6°0

54 STALL SPEED - LANDING CONFIGURATION - POWER OFF (KNOTS)
SS .........._ PR_ESSURIZED CABIN - ULT. DESIGN PRESSURE DIFFERENTIAL . FLIGHT (P.S.I.)

AHPR56

57 AIRFRAME WEIGHT (AS DEFINED IN]J0iJi]I,I][X (LBS.) 9,5_3

*Lbs. ol sea water (_ 64 lb_./¢u, ft.
**Parallel to _ at _ Ibplmne. ****Tot_J _tble c.p.ci_/.

5-1T-107



"ORM 20"7A

(R,11-63)
ENGINEER

CHECKER

DATE

Wing

Tail

Body

NORTHROP CORPORATION
NORAIR DIVISION

ESTIMATED AMPR WEIGHT

PAGE

102

REPORT NO.

AD-4448

MODEL

Modified T-39

Group

Alighting Gear

Surface Controls

Engine Section & Nacelles

Propulsion

Instruments

Hydraulics

Electrical

Electronics

Furnishings & Equipment

Air Conditioning

Auxiliary Gear

Hover Controls

Empty Weight

Contingency

L

Empty + Contingency

Original

T-39A

AMPR

Weight

1,661

311

1,780

420

326

343

321

77

145

556

139

877

289

3

_m

7,248

7,248

A AMPR Wt.

Wto Wt.

Out In

- 272 406

- 956 1,731

- 420 803

- 326 508

- 343 891

- 321 805

- 77 54

- 145 190

- 556 215

- 139 61

- 877 410

- 289 43

-- 3 m_

-- 625

-4,724 6,742

-- 287

-4,724 7,029

Modified

AMPR

Wt.

1,795

311

2,555

803

508

891

805

54

190

215

61

410

43

625

9,266

287

9,553

Modified

Empty

Weight

1,795

311

2,555

1,089

508

891

5,196

171

190

335

220

410

68

625

14,364

287

14,651

5-II-i08
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ENGINEER

CHECKER

DATE

!

z

NORTHROP CORPORATION

NORAIR DIVISION

IPAGI r

104

REPORT NO.

' I

z

! '. T

MODEL

i

.co/,,,oo#, 0001 -'- ._/_,_:=v/,_._se _._

....5-n-_o
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ENGINEER

CHECKER

DATE

!

o

NORTHROP CORPORATION
NORAIR DIVISION

18.0

17.0

16.0-

15,0-

14.0-

13.0-

.i12.o

II.0

I0.0

9.0

8,0-

7.0

6.0

5.0.

4eO-

Hover Time vs, Operating Weight Empty

I

-10

PAGE

105

REPORT NO.

MODEl.

T-39 Mod.

Operating WeiBht Empty _.i 15,166 Ibs.

Usable Fuel : 4,23'4 Ibsy

: , , :....... -T.... i̧ _ _ i -

" _ AD-4448A i ._ i "

X

r

....... i

-;5 0 +5 +10

PERCENT CHANGE - OPERATING WEIGRT EHtv_

5-1[-111
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ENGINEER

CHECKER

NORTHROP CORPORATION

NORAIR DIVISION

PAGE

106

REPORT NO.

DATE Contingency Analysis MODEL

AD-4448 T-39 Mod.

AN-91030 Group Weight Statement

Accuracy Other

Analysis Weight

2% 5%

Wing Group

Tail Group

Body Group

Alighting Gear Group

Surface Controls Group

Engine Section

Propulsion Group

Instrument Group

Hydraulic Group

Electrical Group

Electronics Group

Furn. & Equip. Group

Air Cond. Group

Hovering Controls

406

1,731

297

508

902

171

190

335

61

410

68

625

AD-4448

Accountable Estimated

Weight .Weigh t __.

1,389 1,795

311 311

824 2,555

792 1,O89

508

891 891

4,294 5,196

171

190

335

159 220

410

68

625

Weight Empty 5,704 8,660 14,364

Useful Load

Crew 400 400

Engine Oil 70 70

Unusable Fuel 45 45

Operating Weight Empty 5,749 9,130 i4' 879----

Contingency 287 287

5-11-112
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NORTHROP NORAIR

6.0 SUBSYSTEMS

PRIMARY FLIGHT CONTROIZ

Control System Routing

Drawing AD 4498 (Figure 6-1) shows the tentative control mechanization and

its location and the cable routing.

6.1.2 Surface And Jet Nozzle Actuation

The three rotational axes (pitch, yaw and roll) control systems will be powered

by dual hydraulic systems. Failure of either system will result in reduced hinge

moment available but will not result in any transients unless the control surface at

the time of hydraulic failure is loaded higher than the hydraulic relief pressure of

the remaining system.

Each aileron will be powered by both hydraulic systems, and the cable control

system across the airplane will be fitted with preloaded springs. Failure of one

actuator or the control system for one wing will result in reduced control power but

will not restrict motion of the opposite aileron. Failure of one hydraulic system will

result in reduced control power.

The reaction jet nozzle at each wing tip will be driven by the same actuator

that moves the aerodynamic surface. The scheduling will be modified by linkage, and

series SAS actuators will be included in the mechanization. SAS will, by this approach

be effective on the reaction system only on the roll axis. Electric actuators will be

included so that the gain of the reaction system can be varied and so that the nozzles

can be closed for duct pressurization and during cruise flight.

The pitch control actuation system is somewhat similar to that for the roll axis,

but the transition trim requirements and the lack of a surface actuator in the nose of

the airplane dictates minor differences. The yaw actuation system will be similar

to the pitch mechanization except that there is no need for aerodymamic series trim.

6-1
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NORTHROP NORAiR

It is expected that off-the-shelf actuators can be used. The T-38/F-5 rudder

actuators may be used both on the rudder and on the aileron systems. The X-21

aileron actuators are dual tandem, and will be adequate for the horizontal tall on the

NASA,/VTOL research airplane. The horizontal tail travel required for transition

trim may pose a sensitivity matching and safety problem. Ratio changing and auxiliary

pitch trim control, or a trimmable tail and elevator system may be required. Drawing

AD-4518 shows block diagrams of all three primary control systems.

6.1.3 Artificial Feel Mechanization

To avoid severe control transients when the control is transferred from one

control station to the other it is desirable that both the evaluation pilots and the safety

pilots controls be synchronized at any no-load trim point. The arrangement shown in

drawing AD-4518 (Figure 6-2) provides trim synchronization. The feel forces felt by

either pilot is provided by springs, with trim accomplished by changing the structural

reference point.

The feel spring for the evaluation pilot can be varied in flight to provide a

smooth change of gradient, and the trim reference can also be changed as required or

as scheduled. The feel spring for the safety pilot can be trimmed, but does not provide

in-flight variation of gradient. This obviously could be provided ff desired.

The damper shown on the evaluation pilots control mechanization is ground

adjustable.

6.2 WING FLAP SYSTEM

The wing flap system consists of trailing edge and leading edge flaps, electri-

cally powered and operated through a three-position flap lever. See Wing Flaps

Configuration drawing (Figure 6-3). Full flap extension or retraction (leading and

trailing edge flaps) will take 10 to 17 seconds. Two AC motors, one driven by one

electrical source the other by the opposite electrical system, operate each set of

flaps through gear reduction units and actuators. The two trailing edge flaps are

mechanically interconnected by flexible rotary shafting to ensure flap operation

should one motor or actuator fail.

Flap operation will be at a slower than normal rate if one motor or actuator

falls. The two leading edge flaps are mechanically interconnected in the same manner.

6-3
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NORTHROP NORAIR

6.2.1 Wing Flap Lever And Flap Position Indicator

The wing flap lever is a three-position lever controlling the electrical operation

of the leading and trailing edge flaps. The placarded positions are "up", "mid" and

"full,,. These positions are visually displayed to the pilot by the flap position indicator"

on the hlstrument panel. With the lever in the "mid,, position, the leading edge flaps

are fully extended and the trailing edge flaps are at approach position. Placing the

lever in the "full,, position extends both leading and trailing edge flaps to full extension.

6.3 HYDRAULIC SYSTEMS

Two hydraulic systems will be used for attitude control as well as the landing

gear retraction system, nose wheel steering, engine doors and thrust diverters.

Emergency wheel brakes are provided by a master cylinder in the brake valve.

Landing flaps are operated by electrical power, and manual release of the landing

gear will allow it to fall free to the down and locked position with the aid of bungee

cylinders. Components and system design technology will be completely within the

"state-of-the-art", making development programs unnecessary.

Hydraulic system heat generated for the most part during hover flight will be

removed from the system to restrict oil temperature to 275 ° , allowing the use of

proven and reliable components.

Reliability requirements will be established for the components and systems

using information gained on previous projects. The V/STOL vehicle then will have

the advantage of components which are designed for usage far in excess of the flight

program for this vehicle. All four hydraulic pumps are driven by the lift/cruise

engines. Figure 6-4 shows a block diagram of the system. Drawing AD 4496 (Figure

6-5) is the complete hydraulic system schematic. The primary and utility controls

are each powered by two hydraulic pumps. One pump is attached to the accessory

drive gear box. The other pump is mounted on the starter pad of the opposite engine.

The loss of either engine will not cause the loss of a complete system and requires

no pilot effort to switch to an emergency system.

The estimated flow requirements indicated that, as far as the hydraulic system

is concerned, either a vertical or normal landing can be accomplished with either

cruise engine out. Windmilling power may be adequate for a conventional landing

even if both cruise engines are out. Table 6-1 shows maximum flow requirements

for each function and for each system.
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TABLE 6-1 ESTIMATED HYDRAULIC POWER REQUIREMENTS

NO. 1 SYSTEM REQUIREMENT NO. 2 SYSTEM REQUIREMENT

I
I

I
I

I

FUNCTION

_LERON

RUDDER

HO_ZONTAL TAIL

NOSE WHEEL STEERING

LANDING GEAR

CRUISE ENGINE THRUST DIVERTOR

LIFT ENGINE UPPER AND LOWER DOORS

JET REACTION VALVES

STABILITY AUGMENTATION SYSTEM

VARIABLE STABILITY SYSTEM

TOTAL

"-MAX. FLOW

REQUIREMENT

3.52 GPM

0.58 GPM

6.00 GPM

0.40 GPM

0.36 GPM

10.86 GPM

AVERAGE

REQUIRE MENT

1.172 GPM
0.193 GPM
2.00 GPM

0.40 GPM

0.36 GPM

4.125 GPM

MAX. FLOW

REQUIREMENT!

3.52 GPM

0.58 GPM

6.00 GPM

0.30 GPM

4.00 GPM

1.94 GPM

2.00 GPM

5.40 GPM

0.40 GPM

24.14 OPM

AVERAGE

REQUIREMENT

1.172
0.193
0.40

2.00
0. i0
1.33
0.647
0.666

i. 800
0.40

8.593 GPM

TOTAL POWER AVAILABLE

EQUAL TO A MINIMUM OF 20 GPM

Maximum flow requirement is equivalent to maximum surface rate at maximum hinge moment.
Average flow requirement is equivalent to 1 second maximum flow and hinge moment followed by 2 seconds
quiescent flow.

I

I
I
I

I
I

I
I

I
I
I

Primary FlightControl System

Primary Flight
Control And

Utility System

__ ElectricGenerator

Electrical

Power

System

Engine Mounted

Hyd. Pump Located

on Starter Pad 7

i !
I Pump j

R. H. Cruise Eng.

Landing Flaps Are Powered
Electrically. Landing Gear
Is Lowered in An Emergency

By Free Fall.

Electric_ '[HydT,
Generator I Pump _j

Hyd. L.H. Cruise Eng.Pump

Engine Driven

Accessory Gear Box

FIGURE 6-4 HYDRAULIC SYSTEM BLOCK DIAGRAM
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6.4 FUEL SYSTEM - N309

The normal fuel load of 4300 pounds of which 300 pounds is used for engine start

and pre-flight warmup, is carried in six bladder cells, arranged in three LH and RH

pairs of fuselage tanks as shown in drawing AD 4519. The center pair, auxiliary

tanks, drain by gravity into the forward and aft pairs of main tanks which hold a

majority of the fuel. An additional 300 pounds may be carried in the aft main tanks

for STOL missions or additional warmup fuel. Each pair of main tanks is intercon-

nected to provide added reliability, and inverted flight capability can be easily

provided for inadvertent emergency operation. Four boost pumps, one in each main

tank, supply fuel to all engines, but any three pumps can supply critical hover fuel

flows. In case of a single boost pump failure, a cockpit warning light would advise

the pilot, so that he may turn off one of the two pumps in the opposite pair of main

tanks before excessive CG shift is encountered. Inasmuch as engine specifications

require operation with aircraft boost pumps inoperative at altitude conditions more

stringent than those expected in hover operation of this aircraft, a pump failure, or

even complete electrical failure could be experienced without causing a critical

landing emergency. Two gravity fillers, one in each auxiliary tank, provide for

complete fueling of the airplane through the tank interconnects. All tanks are vented

to a single, open vent line exhausting from the vertical stabilizer.

6.5 FUEL SYSTEM - T-39A MODIFIED

The fuel system for the modified T-39A is basically similar to that shown for

the N-309 airplane. Four auxiliary tanks are used in place of the two shown on

drawing AD 4519 (Figure 6-6)° The arrangement may be seen on drawing AD 4512,

T-39A Inboard Profile (Figure 6-7).

6.6 MODEL N-309 LANDING GEAR GENERAL DESCRIPTIONS

The landing gear arrangement as shown by Drawing AD 4495 (Figure 6-8) is of

the tricycle type utilizing hydropneumatic shock struts. The nose and main gears are

hydraulically actuated, and the struts are mechanically compressed during retraction.

The gear doors are hydraulically actuated and a positive locking system is provided

for both the gear extended and retracted positions. In addition, both the nose and

main landing gear shock struts are equipped with a shock strut pressure sensing

device and instrumented in the cockpit to permit pilot checkout of the reaction controls

prior to takeoff.
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6.6.1 Nose Landing Gear

The nose landing gear utilizes a modified A-4E shock strut tire and wheel

assembly. The A-4E nose landing gear shock strut requires modification of the

metering pin for landing kinetic energy requirements, plus some minor structural

modification for attachment of a new trunnion attach fitting. The geometry and

installation arrangement are shown on Drawing AD 4494, Figure 6-9.

The nose gear shock strut is trunnion-mounted in the forward fuselage at

fuselage station 215.5, six inches to the left of the airplane center line and retracts

aft and up into the fuselage. The shock strut is mechanically compressed during

retraction. The gear is secured in the down position by a foldable type drag brace

and an over-center type lock linkage. The gear is hydraulically actuated and

secured in the up position by positive type locks. The nose gear is fully faired in the

retracted position by two doors, a strut door and a wheel door. The strut door is

mechanically linked to the strut and is actuated with the strut; the wheel door is

hydraulically actuated and returns to closed position after gear extension. The A-4E

nose wheel is normally equipped with a hydraulic shimmy damper only; however,

new or later A-4 aircraft are presently being equipped with nose wheel steering units

and it is therefore assumed it could be made available for this installation.

6.6.2 Main Landin G Gear

The main landing gear employs a new shock strut and utilizes the F-5

(22 x 8.5 - 11.0 Type VHI) tire, wheel and modified brake assembly. The brake

assembly requires modification for reduction of kinetic brake energy and the resultant

weight savings. The main landing gear geometry and installation is shown by Drawing

AD 4493 (Figure 6-10). The strut is trunnion mounted and attaches to the wing struc-

ture at wing station 102.5 and is laterally stabilized by a folding type side brace. The

main gear is hydraulically actuated and retracts inboard and is housed within the

wing and engine pod structural fairing. The shock strut is mechanically compressed

during retraction for stowage, and secured in the up position by combined mechanical

and hydraulically actuated locks. The main gear is secured in the extended position

by a mechanical over center type linkage attached to structure and the upper half

of the side brace assembly. Each main gear bay is fully faired after gear retraction

by two doors. The wheel door is hydraulically actuated and returns to the closed

position after gear extension. The other or strut door is mechanically linked to

the strut and is actuated by gear motion.
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Note: Gear actuation cylinders and shock strut compression mechanism are not

shown on either the main landing gear arrangement Drawing AD 4493 or

the nose landing gear geometry, Drawing AD 4494 at this phase of the

design; however, adequate space was provided for their design and

installation.

6.7 MODIFIED T-39A LANDING GEAR GENERAL DESCRIPTION

The modified T-39A landing gear arrangement as shown on Drawing AD 4458

(Figure 6-11) is of tricycle configuration, utilizing a modified A-4E nose gear strut

and wheel assembly and modified A-4E main gear struts with two Northrop T-38 22 x

4.4 tires, wheels and brake assemblies mounted side-by-side on each main strut. All

gears are hydraulically actuated and are mechanically compressed during retraction.

Gear doors are hydraulically actuated and locks are provided for both the open and

closed positions. The landing struts will be equipped for load sensing instrumentation

to the cockpit to permit pilot checkout of reaction controls prior to takeoff. A curve

of allowable landing sink rate versus aircraft weight is shown on Drawing AD 4458.

6.8 AIR CONDITIONING AND ANTI-ICING EQUIPMENT

An air conditioning system shall be installed with heating capacity sufficient to

maintain 65 F minimum in the crew compartment at 0 ° OAT at pressure altitudes up to

25,000 feet at normal rated engine power. The system shall also maintain 85 F maximum

in the crew compartment at an OAT of 110 F at sea level. Compressed bleed air

shall be used to energize the system. W/S defrost shall be accomplished by con-

ditioned air vents only. RAM air shall be provided for ventilation when required

with the system inoperative. Pressurization shall not be provided. Ground air

conditioning with the engines inoperative shall be available with the use of an external

compressed air supply. Conditioned air will be exhausted from the cockpit into

the avionics bay for component cooling.

The AiResearch Division of the Garrett Corporation manufactures air condition-

ing systems for Canadian T-37 (CL-41) which uses J-85 engines, and the North

Amei'ican T-39. Either one of these systems appears adequate to meet requirements

for the NASA/VTOL research airplane.

6.9 ELECTRICAL LOAD ANALYSIS

The lift/cruise engines are required for hydraulic power and as a pneumatic

supply for the air conditioning system as well as electrical power during cruise flight.
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It is intended that all of the electrical power required be supplied by two fuselage-

mounted gear box/generator units, driven by the two lift/cruise engines.

Table 6-2 shows the estimated airplane's electrical power requirements, which

gives assurance that the fuselage-mounted gear boxes to be used on the Canadian

CF-5 can provide a surplus of electrical power to cover any conceivable growth

requirement. These units will be available when the NASA/VSTOL research airplane

is built, and will provide constant frequency 400 cycle AC. Auxiliary equipment will

be required by the VSS computer to prevent switching transients following a generator

failure if it is determined that this is desirable. An electrical system schematic is

shown in Figure 6-12.

6.9.1 Emergency Power

A 5-AH battery is required to provide power for the engine igniter system and to

energize instrumentation required for engine starts. Emergency cockpit lighting and

certain control functions will also remain operational despite a two-engine or two-

generator failure.
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TABLE 6-2. ESTIMATED ELECTRICAL POWER REQUIREMENTS

I

I
I

I
I
I

I
I

I
I

I
I

I
I

AVIONICS
VORTAC

IFF
ILS
VHF COMMUNICATIONS

INTERCOM
HEADING REF
SWIT CHING RE LAYS
RADIO INTERCONNECT BOX
SAS AND VSS

E LE CTRICAL

FUEL PUMPS - 9 J85 (4BP)

FLAP ACTUATORS - T.E. (2)

- L.E. (i)

FUEL QUANTITY SYSTEM
FUE L F LOW SYSTEM

INST. AUTOTRANSFORMER
EXHAUST GAS TEMP INDICATOR

CONSOLE UGHTING AND UTIUTY

INSTR. LIGHTING

OXYGEN QUANTITY INDICATOR
CAUTION WARNING SYSTEM

PITOT HEATER

THROTTLE ACTUATORS

MISCELLANEOUS VALVES AND SOLENOIDS

CONTROL RELAYS

INSTRUMENTS

INTERNAL LIGHTING

NASA REQUIREMENTS (ESTIMATE)

FUGHT TEST INSTRUMENTS (ESTIMATE)

TOTAL

DC TO AC 1013/. 85

TOTAL AC WATTS

iTOTAL AC VA 13017/. 85

CAPACITY CF-5 GENERATORS

AC DC
WATTS WATTS

2O

105

1438

3300
1600
1600

40

20
12

72
150
156

72
56

186
50

250
50

2OO
120

1500
500

11497

1190

12687

14900

15000
VA EACH

157

66

20
290

14

14
140
312

1013

I
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7.0 FLIGHT CONTROLS, SAS_ AND VSS SYSTEMS

7.1 GENERAL FLIGHT CONTROLS DESCRIPTION

The primary flight control elements in each cockpit will consist of conventional

stick and rudder pedals with provisions for a side stick controller in the evaluation

pilot's cockpit.

PITCH CONTROL

The evaluation pilot's control stick will be fitted with a spring, damper and

trim actuator for artificial feel. The mechanical advantage of the spring will be

adjustable, and the damping ratio will be ground adjustable. Control commands will

be transmitted through a pickoff to the VSS system.

A connecting link to the safety pilot will be installed in the aircraft. The

schematics and diagrams of the pitch control system show this link as a removable

link. However, at very little extra trouble this link can be in-flight connected by

means of a switch-controlled engagement. This could occur whenever the VSS is dis-

engaged as an automatic sequence, or could be independently controlled. Manual con-

trol plus SAS, manual alone, Fly-By-Wire-Direct or various combinations of these

would then be available to the evaluation pilot. Increased safety and versatility should

make this attractive.

The safety pilot's control mechanism will be fitted with a trimmable feel sys-

tem but no damper and no VSS pickoffo Push rods, cranks and control cables will

connect the safety pilot's control to the surface and nozzle actuation system and to the

parallel VSS servo actuator. This actuator will accept commands through an electric

transfer valve. Safety pilot override capability is achieved by overpowering the VSS

actuator engage clutch. If no override force is applied by the safety pilot, the actuator

moves the output actuators and the safety pilot stick in a manner identical to that custo-

marily associated with a parallel autopflot system. While it is obviously possible to

use a force pickup on the safety pilot's stick to attenuate or otherwise modify the VSS

command, this feature does not seem necessary for safety.
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It should be noted that there is no provision for the evaluation pilot's stick to

follow the safety pilot's command, unless the mechanical link is connected.

ROLL CONTROL AND YAW CONTROL

The design philosophy and the type of mechanization for the roll and yaw con-

trol systems is similar to the pitch system.

Inertial or gyroscopic coupling may require a scheduled interconnect between

the mechanical elements of various axes to avoid overloading the VSS or SAS system,

or, to minimize the authority provided the SAS actuators. Pitch trim may require a

mechanical connection from the flaps, landing gear or other configuration change; and

yaw-roll or other aero coupling may modify the downstream mechanization. Need for

these provisions has not been established.

SECONDARY FLIGHT CONTROLS

The leading and trailing edge flaps will be electrically actuated. Flexible

torque shafting interconnecting jacks and the actuator will insure symmetry. The

leading edge flaps will be scheduled to go to the full down position when the trailing

edge flaps are at either the approach or full down position.

7.2 GENERAL SAS DESCRIPTION

The Stability Augmentation System (SAS) is intended to augment the basic VTOL

aircraft stability in pitch, in yaw, and in roll. A dual rate feedback system with a

fixed compensation and a variable gain will define the SAS complexity. See Figure 7-1.

The gain is programmed as a function of q, dynamic pressure. The rate feedback is

sensed by two gyros in each channel (a total of six gyros will be needed for all three

channels). To preserve reliability and independence from the Variable Stability

System (VSS), the SAS will be designed as a separate unit. However, in order to

reduce the VSS cost, some external components, such as rate gyros, will be shared

between the two systems. This will not reduce the SAS reliability, or affect its basic

independence.

Both gains and compensations of the SAS are designed to satisfy handling quali-

fies requirements during hover (±35 knots), transition (up to 180 knots), and conven-

tional flight (up to M = 0.8, h = 25,000 feet). Recommended AGARD 408A guidelines

as modified by NASA will be used for hover and transition flights, MIL-F-8785 for

7-2
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conventional flight. (Norair's interpretation of NASA modified AGARD 408A is shown

in Appendix 7-1).

Because of predicted high gyroscopic effect, the pitch and roll SAS channels

will use cross-coupling feedback. This cross-coupling feedback will be removed at

the end of transition.

7.3 VARIABLE STABILITY SYSTEM

7.3.1 General Description

The Variable Stability System (VSS) is intended for airborne hover and transi-

tion simulation of various types of V/STOL aircraft. Basically, the proposed VSS
t •

will be a model following type with some forward and feedback compensations. *Six

degree of freedom equations of motion, which simulate the dynamics of the selected

V/STOL fighter, will be solved by an airborne computer. Five degrees - pitch rate,

roll rate, yaw rate, forward velocity, and vertical velocity, however, will be used to

drive and force the basic airplane to follow the model.

Figure 7-2 shows the pitch channel in VSS mode. During this period, the evalu-

ation pilot (front cockpit) is in command of the aircraft, while the safety pilot is in

standby (rear cockpit). The cockpit controls of the evaluation pilot are "mechanically"

disconnected from the aircraft primary controls. The only connection is through elec-

trical wires, which implies that the pilot "flies by wire" only (F. B. W. ). The electrical

pickoffs (on the cockpit controls) transmit the pilot commands directly to the airborne

computer. A number of sensors (such as angle of attack, altimeter, etc.) also supply

information to the computer. These sensors supply the computer with fundamental

information, mostly about the motions generated by the basic airplane.

A command signal is created as soon as the equations of motion of the simulated

fighter are solved in real time by the computer. In the pitch channel, as Figure 7-2

shows, this commanded signal is defined as a pitch rate, q. When the pitch rate is

compared with the gyro output, qg, a definite error signal is generated.

The error signal is amplified and then used through the VSS actuator to drive

th e primary controls of the basic airplane.

*NOTE: 6-degrees were used for computer sizing. 5-degrees will be mechanized.
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To overcome unavoidable lags in the computer and the control system, the

model following technique will require some form of compensation. The basic tech-

nique selected to achieve this depends on forcing a match between sensed and computed

acceleration and attitude as well as rate. In general, the acceleration match will

force the high frequency response and the attitude match the low frequency response.

This method will effectively reduce high frequency lags or low frequency attitude drifts

which would otherwise exist between the computed pitch motion and the actual pitch motion.

Because of compensation, the closed loop gain can be substantially increased,

but not without programmed gain. Figure 7-2 shows that the gain is programmed as a

function of q, dynamic pressure.

The VSS performance can be defined by the delay which can be measured

between the simulated and the basic rates in real time. Efforts should be directed

to reduce this delay to 0.1 second or less.

7.3.2 Airborne Computer

The heart of the VSS is the digital airborne computer. The computer will be

mechanized so that programming of a VSS V/STOL simulation will be greatly simpli-

fied. The computer will be composed of a flexible and a fixed portion. See Figure 7-3.

The fixed portion of the computer will perform sensor correction and sensor switching;

VSS - autopilot modes and associated logics; and signal cancellations. The flexible

portion of the computer will be used to simulate a variety of control dynamics; the

range of V/STOL jet airplane dynamics (6-deg. of freedom capability); to perform

forward and feedback signal simulation and compensation - the "wired feedback", thus

generating error command signals to the actuators -- the "aircraft muscles"; to make

summation of control inputs and sensor outputs -- the "Patch Boards. " The "Patch

Board", or Variable Stability System Direct (VSSD) mode will always bypass the

Equations of Motion, and signals go directly to the actuators. The Variable Stability

System (VSS) mode will include the equations of motion and the computed motions and

signals go through the optimized "wired feedback" portion before going to the actuators.

All gains and compensation are programmed as functions of dynamic pressure and can

be adjusted by operator.

7.3.2.1 EQUATIONS OF MOTIONS. The complexity of an airborne computer depends

on the equations needed to be mechanized on the computer. The proposed Norair equa-

/dons of motions are shown in Figures 7-4 and 7-5. Equations for hover are listed in
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Figure 7-4, and equations for transition in Figure 7-5. All definitions of the variables

are listed in Appendix 7-II. The equations contain dimensional derivatives (Section

(Section 2.4.4) which already include mass or moment of inertia terms. All rotational

variables are expressed in degrees. These equations were simplified for hover and

for transitional flights. Where it was possible, the cosine was replaced by 1, sine was

expressed as an angle. The cross coupling due to engine effects was included because

of significant magnitude of these effects during hover. Since some VTOL aircraft have

significant cross coupling in moment of inertia, Ixz, the crosscoupling due to this term was

included also. The equations allow for simulation of ground effect, have provisions

for simulated gust input and generally contain all important linear and non-linear

terms.

Figures 7-6 and 7-7 list the number of function generators which may be

utilized during the simulation.

7.3.2.2 COMPUTER MECHANIZATION. The equations of motion will be mechanized

by the method which is most practical for the airborne simulation. In the proposed

method the dimensional derivatives are specified for fixed velocities at some discrete

points of the flight trajectory. The discrete trajectory points may be chosen at

V=0, V = 50kt V = 100kt, V = 150kt. The variation of these dimensional derivatives

with speed can be utilized to set and mechanize computer function generators. In this

method, the accuracy of simulation depends upon the aircraft flight - on how far the

aircraft has deviated from the chosen trajectory (See Figure 7-8 for illustration when

calculation of X u is selected).

To illustrate the simplicity of the above approach, consider another method

not recommended. Here the derivative is broken into several parts. Even with the

assumption that S, m, C d and C L are constant this method will require 1 extra function

generator, 2 multipliers, and 4 potentiometers.

7.3.2.3 SELECTION OF AIRBORNE COMPUTER. A digital or analog computer

could perform the VSS calculation. Both computers have advantages and disadvantages,

which are discussed.

The digital computer is better suited for functions, such as multiplication or

division, than for real time integration. Since all Input/output devices, such as

sensors, cockpit controls piekoffs, etc., are analog, a digital computer will require
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f4 (1)

f17 (1)

f18 (2)

f19 (2)

f20 (1)

- f5(1)

- f6(1)

f7(1)

f8 (1)

f9 (I)

fl0 (1)

All others are. assumed constant
(constant multipliers)

f (1) - function of one variable

f (2) - function of two variables

- f11(1)

- f12(1)

- f13(1)

- fl4(1)

- f15(1)

- f16(Z)

HOVER SIMULATION LIST OF FUNCTIONS (Not Included g cos , etc.)
(EQUATIONS OF MOTIONS)
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f(1) - means function of one variable

f(2) - means function of two variables

f32 (1)

f33 (1)

f34 (1)

f35 (1)

f36 (1)

f37 (1)

f38 (2)

f39 (2)

f40(2)

-f41(1)

f42(I)

f43 (1)

FIGURE 7-7. TRANSITION SIMULATION LIST OF FUNCTIONS

(Not Included g cos , etc.) (EQUATIONS OF MOTION ONLY)

7-12

i
I

i
I

I
i
I

I
I
!

I
I
I
i
i
i
I
i
I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

NORTHROP NORAIR

1.) Proposed Computer Mechanization
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FIGURE 7-8. ILLUSTRATION OF COMPUTER MECHANIZATIONS
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a large number of digitalto analog, and analog to digitalconversion units.

are advantages over analog. These advantages can be listedas follows:

But there

1. To meet future requirements, the computer can be expanded easily.

2. Flight test data recording is easier with a digital computer.

3. The digital computer can be made more accurate than analog.

4. Logical switching and multiplications are well suited for the digital

computer.

5. Accuracy of digital computer is almost independent of the power supply.

6. Digital computer has advantages over analog when variation of any

dimensional coefficient, or variable, is greater than 1 to 1000.

The analog computer is well suited for the real time integration and summa-

tion, but analog multiplication is usually bulky and not very accurate. The overall

airborne analog computer accuracy is not better than 5% (providing that ground

adjustments are made). The maximum variation of a potentiometer setting is 1 to

1000. However, there are definite advantages over the digital computer. These advan-

tages can be listed as follows:

1. Interface with computer is simple.

2. Analog computer is easily mechanized and any potentiometer setting

changes can be made during the airplane flight.

3. Real time integration is well performed.

4. Wiring of analog is simple.

5. Any linear dynamic compensation can be directly programmed.

6. Any variables can be changed easily and independently.

Using the VSS requirement, a survey of the U. S. computer market was made.

About nine computer manufacturers were contacted. All were supplied with

basically the same requirements. All were asked to reply with regard to an airborne

offshelf computer. The results of this survey are plotted on Figures 7-9 and 7-10.

Weight, size and even cost of the analog computer is shown to increase sharply with

problem complexity. For the complexity needed for the proposed VSS0 the analog weight
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goes beyond 800 pounds while the digital computer remains within a manageable

80 pounds. The analog computer volume increases beyond a practical limit also.

As a result of this survey, the digital airborne computer has been recommended.

7.3.2.3.1 General Electric vs Teledyne Computer. Two digital computer vendors

were considered: General Electric and Teledyne Systems.

Teledyne proposed a computer which was developed under government con-

tract NOw (a) 65-0110-f. This computer is specifically designed for a military airborne

environment and can be used in VTOL aircraft.

The General Electric computer went through a ten year development period

before it reached final form. The computer was specifically designed for flight con-

trol application.

The basic summary data for both computers is presented in Figure 7-11. Both

computers are incremental type.

The Teledyne computer is a combination of General Purpose (GP) and Digital

Differential Analyzer (DDA). The amplitude of the increment can be set by reprogram-

ruing, but when programmed, the increment will stay constant during computations.

To achieve a high iteration rate (32,000 iterations/second) the machine was designed

for parallel type operation.

Unlike Teledyne's computer, the General Electric computer has variable

increments of 0, +1, +2, +_4, +8, +16, +_32, and +64. With these larger increments it

enjoys a speed advantage of 64:1 over the conventional incremental computer approach.

This can be seen in Figure 7-12. Thetop curve is the response of the General Electric

Variable Increment (VI) computer; the middle curve is the response of the Fixed

Increment (F1) computer. Both computers here are subjected to step input (magnitude

of 100), and both computers are assumed to have the same iteration rate = 1/347

seconds. The assumed iteration rate is actually the complete solution rate used by

the General Electric computer with thespecified input/output units (Analog/Digital,

Digital/Analog). The plotted response of the VI computer has a speed advantage over

the FI computer. This can be shown in terms of delay, or equivalent "time constants",

T. The estimated T of the VI computer is not more than 0.005 seconds, while T for

FP computer is much larger, not less than 0.02 seconds.

Without properly defining A/D and D/A units, Teledyne cannot estimate the

final iteration rate (complete solution rate) for the computer. However, if A/D and

D/A units design concept is such that it will not cause any appreciable slow down of
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the available iteration rate of 32,000/second, the computer response would be of the

type the curve shows at the bottom of Figure 7-12.

Another important difference between these computers is programming.

Figure 7-11 lists three main steps in the programming of each airborne computer.

The first step in programming the General Electric computer is to set up an

algorithm map similar to analog. There is a "cook book" approach for functions such

as triple addition, multiply and add, dual integration and addition. These functions

(algorithms) can be connected to form an algorithm map. The second step is the con-

version of the map into a core matrix wiring table. The IBM 1620 program converts

this map into tabular form of easy instructions for each control wire. The third step

is actual core wiring. Each control wire is threaded through control point magnetic

cores. This exercise is very simple and just requires the following of tabular form

instructions. For 1bit, thread through the magnetic core, and for 0_, by-pass the

magnetic core. Changes of any given program step can be accomplished by striping

the one wire concerned with that program step and rerouting it through the cores to

form a different bit pattern. The control core module can be replaced by another pre-

wired module and, therefore, can change the "airplane model" in a matter of minutes.

In-flight switching can be performed by switching from one module to another.

All the steps in programming the Teledyne computer are different from the GE

method. First a flow diagram is formed for the airborne computer instruction. The

second step uses an IBM 7094 program to convert these instructions into a paper tape.

The third step requires the use of ground support equipment--the test stand. The

test stand (in the form of a suit case) will convert the paper tape into airborne compu-

ter control instructions by a plug-in to the computer. This approach eliminates

manual programming, but always depends on the test stand.

Each computer has both advantages and disadvantages over the other computer.

Considering the importance of the computer in the VSS function, it would be wrong to

base some kind of selection conclusion on incomplete preliminary computer specifi-

cations. With the significant costs involved on each computer, more time devoted

to further study of the computer specifications is advised.

It is desirable that each vendor demonstrate the computer programming of an

identical sample problem so each computer could be rated on:

1. Ability to perform VSS functions

a. Computer time delay

7-18
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FIGURE 7-12. TIME RESPONSE OF TWO TYPE OF COMPUTERS

7-19



e

.

.

e

o

be

C.

d.

eo

Input/output scale

Solutions to input/output noise problems

Open loop integration errors

Solutions to "overflow" in DDA

f. Slew-rate limitations

Programming

a. More detailed description of steps

b. Approximate time for programming

c. Programmers background (proficient DDA expert)

d. Method of function generator presentation and use

e. Automatic vs manual

f. Computer check and trouble shooting

Reliability and Cost

a. More detailed cost definition

b° Previous use of computer in airborne vehicle

c. Cost of replaced modules

d. Estimated reliability

Dimensions, weight, power

a. Better power definition (limitations)

b. Weight of total computer

Ground support

a. Cost

b. Size, weight, type of power

c. Type of field support (technical, program)

Computer Flexibility

a. Computer expansion

b. Computer control

c. Computer check out
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7.4 SAS AND VSS CONTROL SYSTEM

7.4.1 Modes of Operation

There are essentially five modes of operation of the proposed VTOL

control system:

Direct

Autopilot

Fly By Wire Direct (FBWD)

Variable Stability System (VSS)

Variable Stability System Direct (VSSD)

Direct mode applies to the safety pilot only. In this mode, the pilot flies the

airplane with a conventional mechanical connection between cockpit controls and a

power actuator (See Figure 13).

Autopilot is an attitude hold and stabilization mode of automatic control of the

basic airplane.

Fly by wire direct (FBWD) is an unconventional method of controlling the

power actuators. It is a special case of FBW (Fly by Wire). A mechanical connection

between a cockpit control and a power actuator is replaced by a "wire" carrying an

electrical signal which is proportional to a pilot command. (See Figure 7-13.) In this

mode the airborne computer is bypassed.

J

VSS is also a special case of FBW, but unlike FBWD, the electrical signals

are shaped by the "model"--the airborne computer (see Figure 7-13).

VSSD is the "Patch Board" of the airborne computer. (See Figure 7-3.) The

pilot commands here are "patched up" with the sensor: signals and always bypass the

Equations of Motion, and go directly to the actuators. Extreme care in using this mode

is recommended due to a constant dependence of the mode on a programmer's skill and

knowledge of the basic aircraft dynamics to use proper feedback gains and signs.

Figure 7-14 illustrates the modes of operations and major assumptions of this

requirement. As a ground rule, the evaluation pilot will always fly the airplane.

There are exceptions to this rule. The safety pilot will fly the airplane during new

pilot checkout and during airplane pre-delivery flight test. During emergency, the

safety pilot can overpower VSS or autopilot operation.
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7.4.2 Control System

7.4.2.1 ROTATIONAL CONTROL (PITCH, ROLL, YAW). The block diagram which

is typical for pitch, roll, or yaw channels is shown in Figure 7-15. This figure indi-

cates how the autopilot is functionally related to the airborne computer in the VSS

mode. A mechanical implementation is shown on Figure 7-16.

Safety requirements and multiple input capability are the most important

factors which dominated the control system definition. Precautions have been taken

to make each channel responsive (pitch, roll, and yaw).

The proposed control system has almost identical frequency response for

each channel (from cockpit controls to *external control, or from VSS computer out-

put to *external control). This frequency response can be approximated by third order

lag, with time constant, _" = 0. 032 seconds, and with natural frequency, fn = 5 cps, and

damping ratio, _ = 0.2.

During the transition phase, the airplane moment is controlled by a combination

of an aerodynamic control surface input, and reaction control jets. These two kinds of

external airplane controls can be controlled either from the front cockpit controls

(evaluation pilot) or from aft cockpit controls (safety pilot). During FBWD or Direct

mode, the pilot inputs are combined with the SAS inputs.

With these multiple input capabilities several combinations of signals may be

assumed; however, only systems which reflect requirements illustrated by the con-

eeptual diagram of Figure 7-17 are to be considered.

The concept is a simple, easily mechanized control system. The VSS electrical

signal will energize the parallel actuator, which then will move simultaneously the

safety pilot stick, and both external controls. As Figure 7-17 shows, the stabilizer

is geared to the reaction control position. The gearing can be fixed, or programmed

to respond to a slowly changing variable (trim).

7.4.2.2 TRANSLATIONAL CONTROL (THROTTLE AND VECTOR). The

Translational Control System consists of two separate channels: the throttlecontrol

and the vector control. Each pilot is supplied with identicalcockpit controls, two

throttle controls and only one vector control. One throttlecontrol is for the two lift/

cruise engines, and another control for all liftengines. Safety and evaluation pilot

*External control is reaction nozzle position, rudder position, etc.
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cockpit controls are mechanically disconnected from each other under normal flight

conditions. The evaluation pilot electrical signals can be fed into the computer for

VSS mode, or bypassed for FBWD mode (see Figure 7-18).

In the throttle channels, the pickoff-signals or computer output drive the

parallel actuators so the safety pilot's controls always move. The safety pilot is in

standby during normal flight; however, he can always overpower the parallel VSS

actuator at any time.

The vector control channel is different from the throttle. The pickoff-signals

or computer output do not move the evaluation pilot control. Only a cockpit display

will indicate nozzle-vector position. However, the safety pilot can always override

the evaluation pilot. A commanded vector input will also energize the latching relay,

and immediately open FBWD, VSSD or VSS outputs.

The lift engines will be equipped with movable nozzles and nozzle servo

actuators supplied by the engine manufacturer.

The principle of VSS operation is the same as for the pitch channel. Instead

of pitch rate, two translational velocities of the basic airplane will be used to match

with the simulated airplane velocities, u c, w c . The evaluation pilot's input first will

be shaped by a "model", the airborne computer, and then compared to the sensed

velocites, u m, wm . The error signals, between the model and the sensed velocities,

then will be used to command an incremental change in nozzle position and in throttle

position. This command, if idealized, is that which will produce a time program of

x and z forces as necessary to match actual aircraft velocities, u and w, with those

of the simulated airplane, u c and w c .

The VSS translational control requires sufficient flexibility for operation in

either of two modes: direct lift mode or composite mode. The present control

mechanization is capable of accomplishing this by a simple switch position.

In the direct lift mode, the lift engines provide all the necessary engine lift

forces through hover and transition; in this mode, the two lift/cruise engines are

used only for forward thrust.

In the composite mode, the lift engines plus the two lift/cruise engines with

downward vectored thrust, willprovide all necessary engine lift during hover, and

during transition.
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The thrust from all lift engines can be vectored (by positioning all nozzles)

15 degrees forward and 28 degrees aft. The expected maximum rate of thrust

vectoring is 90 degrees/second.

The safety or the evaluation pilot can fly the basic airplane independently, take

off and land, however, the safety pilot can always overpower the evaluation pilot.

When the evaluation pilot is flying, except for vector and diverter valves, all the

safety pilot cockpit controls are moving. The vector and diverter valve position,

however, are always displayed to the safety pilot.

The vector and the throttle channels in each cockpit have one vector control,

one diverter valve control, and two throttle controls--one for all lift and one for all

lift/cruise engine s.

The proposed control system frequency response is as follows:

1. Vector channel is second order lag with natural frequency, fn = 8 cps and

damping ratio, _, between 0.5 and 1.

2. Throttle Channel

a. G.E. engine is expected to act a first order lag with time constant,

_'= 0.2 second.

b. The throttle control is third order lag with time constant = 0.05 second

and natural frequency fn = 3.5 cps. Damping ratio, _, between 0.3

and 0.8.

7.4.3 .Switching

Switching from VSS to SAS is made safely, even when VSS is overpowered.

This is because all VSS commands synchronize the safety pilot stick motion with both

external controls.

Switching from SAS into VSS or from VSS into SAS can be accomplished with

very small transient by electrically engaging or disengaging the VSS actuator only

after the actuator is trimmed with all input commands active.

7.4.3.1 AUTOPILOT SWITCHING.

flight) is outlined in Figure 7-19.

The requirement for inflight switching (normal
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7.4.4 VSS Cockpit Controller
! I

The VSS cockpit controller is intended for VSS function control from the front

cockpit by the evaluation pilot. The following functions are available.

1. Mode Selector. Two position switch, VSS and VSSD.

2. Switching on and off of all VSS actuators. This switch will actuate all

clutches in parallel actuators.

3. Null indicator - optional for evaluation pilot - used during switching from

the safety pilot controls to the evaluation pilot controls. This indicator will

indicate the pitch stick relative positions.

4. FBWD switch. This switch in ON position and VSS actuator clutch switch to

ON position will put aircraft into FBWD mode.

5. Attitude hold. This switch in ON position and VSS actuator clutch switch to

ON position will put aircraft into attitude hold mode.

6. The computer operation switches are RESET and COMPUTE.

7. Initial condition pots will set the initial conditions into compute.

8. Flight condition select will change the flight condition in the computer.

9. VSS authority set controls will change signal authority from 30 percent to

100 percent. There are six independent controls.

I0. VSS mode engagement switches. There are five individual switches: pitch,

yaw, roll, throttle, and vector. These switches will put the aircraft in

VSS mode only from attitude mode, which implies that it is impossible to go

directly from Direct Mode to VSS Mode, or from FBWD* to VSS. Engage-

ment of individual switches will automatically replace the attitude mode

with VSS. For example, when VSS pitch switch is on, the aircraft will fly

VSS mode in pitch channel only, roll and yaw in attitude hold, throttle and

vectors in FBWD.

7.5 SENSORS
m

All sensors needed for the VSS are classified into two categories.

i

*FBWD applies to Pitch, Roll, or Yaw; throttle or vector channels do not have

attitude mode.
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Category one sensors, which are inexpensive or commonly used in flight

controls, are:

Accelerometers, translational and angular

Gyroscopes, rate and attitude

q-sensor

Conventional angle of attack and side slip sensors

Category two sensors, which are expensive or unique sensors, are:

Very low wind velocity sensors

Doppler velocity sensors

Radar altimeter

7.5.1 Low Wind Velocity Sensor

Until recently, Cornell X-22 "LORAS" was the one sensor able to sense low

wind velocity. This sensor is sensitive to airplane location and, because of weight

and size, presented a very serious airplane installation problem. To overcome this

difficulty, the Aeroflex Laboratories sensor was considered. Because of the smaller

size it would be easier to find a favorable location for this sensor. This instrument

can measure wind velocity in the aircraft speed ranges of 0 - 150, or 0 - 300 knots.

The accuracy of the sensor, + 0.5 knot, or 0.5 percent, is satisfactory. This

accuracy is reported to be unaffected by temperature, humidity, or pressure effects.

Because the airstream itself does no mechanical work, the sensor frequency response

is high. The sensor itself has a unique design. The airstream flows through a ducted,

servo-driven turbine and then across a speed error detector. A closed loop servo

continuously synchronizes the turbine speed with the airspeed. A pulse type tachomet-

er is mounted on the turbine shaft to convert the shaft rotation into the voltage signal.

The voltage signal is proportional to a wind velocity. The wind velocity direction can

be measured from shaft position throughout 360 degrees (synchro or encoder signal

can be used).

The outline of this sensor is shown in Figure 7-20.

The weight, size, and power summary is shown in Figure 7-21.
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7.5.2 Doppler Velocity Sensor
i

Selection of a vendor for the doppler sensor is pending further investigation.

The body mounted-antenna doppler built by the Laboratory For Electronics,

Inc. (LFE), is very expensive, and may be a technical risk. None of the LFE units

are in production. Only laboratory-type doppler hardware is currently available.

Also, there is no information on the doppler measuring error for attitudes above

I0 degrees. The doppler equations appear to be mechanized without taking into

account pitch and roll angles. This equation mechanization may be in error during a

large angle excursion.

The search for a suitable doppler sensor has revealed two other vendors of

doppler velocity sensors: Canadian Marconi Company, CMC; and General Precision

Laboratories, GPL. Both of these companies have doppler hardware in production

which can be supplied at a lower price per unit than the LFE unit. The only problem

is that the dopplers are specifically designed for navigational purposes and both have

stabilized antennas. These create errors in body velocity measurements for attitude

angles 5 degrees or above. To eliminate the error, matrix transformation will be

required which means an additional calculation for the airborne computers.

To compare all three dopplers, the same ground-hover condition with zero

pitch and roll angles was selected. Figure 7-22 compares all prospective doppler

sensors. The GPL doppler is shown to be very attractive from this error considera-

tion.

Further investigation must include the possibility of removing antenna stabili-

zation from the GPL and CMC dopplers. For about 15 degree pitch and 15 degrees

roll, all three dopplers should be compared in terms of velocity errors. Any limita-

tion associated with fixed antenna, such as noise, altitude, etc., must be investigated.

7.5.3 Sensor Characteristics
L

Both category one and category two sensors were investigated and the basic

characteristics of these sensors were recorded. The approximate location for the

sensors was determined. Figure 7-23 lists characteristics for SAS and VSS sensors

and their approximate location on the airplane.
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7.6 SAS ANALYSIS

7.6.1 N-309 Transfer Functions

Transfer function representations of the N-309 airplane have been computed

at four speeds from hover through transitional flight, for a single trajectory. Longi-

tudinal and lateral summaries of these transfer functions are tabulated in Figures

7-24 and 7-25. Numerators shown are for each control quantity specified, with the

other control inputs held at zero. Maximum levels of pitch, roll, and yaw reaction

control powers agree with 1.5, 2.0, and 1.5 times AGARD 408 requirements

re speetively.

Values used in calculating the aircraft response to the throttle control inputs

are based on data shown for the YJ-85-19 engine shown in Figure 7-27.

Transfer functions representing the N-309 airplane at two extreme speeds in

conventional flight are summarized in Figure 7-26.

7.6.2 Compliance With AGARD 408

7.6.2.1 HOVER HANDLING QUALITIES. Minimum damping recommendations for

acceptable control of the aircraft rotational motions are specified by AGARD 408 for

all speeds from hover to Vcon. Column 1 in the tabulation below shows these recom-

mended values computed for the N-309 airplane.

O
Minimum damping specified
in AGARD Report 408

ft lb "rad"
_

26450

Q
Gain of SAS rate feedbac_eg
loop (deg of nozzle disp/_6.5)

0.306Pitch

roll 14500 0. 342

yaw 53100 0. 897

i
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FIGURE 7-27. YJ-85-19 ENGINE THRUST VERSUS MAIN FUEL CONTROL

THROTTLE ANGLE INSTALLED, SEA LEVEL, 80 u F
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Discounting the small natural damping at hover, these AGARD damping

recommendations set the minimum SAS gain required at hover in the rate feedback

loop. This gain relates rotational velocity of the airplane to displacement from null

of the corresponding reaction control nozzle. These values were computed from the

following equation, using the pitch axis for example:

B
= IAGARD) = deg. of nozzle disp_

(M x Iyy) deg/sec

Y/. (GR) Sy

0 57.3

whe re:

_y =

B(AGARD)

control disp. of nozzle (degrees)

= AGARD damping recommendation (ft-lb/tad )
sec

GR = mechanical ratio (gain) between application of SAS actuator

displacement and reaction control nozzle (deg/deg).

I yy

= dimensional derivative which defines control sensitivity of

reaction control nozzles _fdeg/seC2deg )

= angular inertia of the airplane in pitch (Slug -ft2).

Gains computed as defined above are tabulated in column 2.

AGARD 408 also recommends minimum acceptable dynamic stability criteria

applicable from hover to Vco n. These criteria when combined with the minimum

damping requirements establish a sufficient basis for initial mechanization of the

SAS control loops.
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Figures 7-28 and 7-29 show results of pitch and roll analytical SAS studies

at hover for the N-309 airplane. Representative dynamic characteristics for both the

power actuators and the SAS actuators have been included. A small amount of attitude

signal summed with the basic rate feedback improves the system performance, as

illustrated by Figures 7-28 and 7-29, by introducing a small margin of positive

static stability. The result satisfied AGARD 408 stability criteria with less of a loss

in responsiveness from rate feedback damping. The component of attitude signal

may be obtained by integrating the output of a body-rate gyro. This technique requires

low frequency filtering to limit the integration of sustained small body rates which

occur in steady turns. A SAS loop using rate feedback alone is planned to satisfy

AGARD criteria in yaw.

Control power requirements stated in terms of control responsiveness are

established by NASA modified AGARD 408. These modified AGARD requirements

form the first column of Figure 7-30. Column 2 shows the one-second displacement

response to full control power with the SAS off. Dynamics of the pilot's controls

have not been included in the response shown in this column. Column 3 is the same

as Column 2 except that the dynamics of the control elements connecting the stick to

the input to the power actuator has been represented as a 2nd order system with

= 0.2 and wr/= 31.4 rad/sec. Column 4 is the same as Column 3 except that the

SAS is on. SAS rate feedback gain in all cases is set to conform to AGARD 408

recommended damping. Rate feedback only is used in the yaw SAS, both rate and

attitude are used at 5:1 in pitch and 4:1 in roll.

7.6.2.2 TRANSITION HANDLING QUALITIES. Figures 7-31 and 7-32 show results

of pitch and roll analytical SAS studies through transition. Acceptable dynamic

stability characteristics are attainable using a fixed SAS loop gain at all transitional

speeds. This gain, as for the hover study, has been set to provide AGARD 408

minimum damping.

The results of an analytical investigation to determine the response, through

the transition range, of a fixed SAS mechanization is shown for the pitch system in

Figure 7-33. The one second displacement response is seen to improve with increased

forward speed due to the added control effectiveness developed by the aerodynamic

surface.
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FIGURE 7-28. ROOT=LOCUS STUDY OF ROLL SAS LOOP CLOSURE AT HOVER
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FIGURE 7-32. STUDY OF PITCH SA8 LOOP CLOSURE IN TRANSITION
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7.6.2.3 CONVERSION DYNAMICS. Conversion dynamics were investigated at a
ml

speed of 180 knots. Typical conversion inputs were assumed but to demonstrate

the worst case, no pilot stick corrections were applied (see Appendix III for conver-

sion dynamics calculation). The input shown is composed of two parts, the diverter

valve change from lift to cruise position, and the shut off of all lift engines (see Fig-

ure 7-34). A step input was applied to the diverter valve control first and then,

two seconds later, to all lift engine throttles. The time constant of the diverter

actuator was 0.05 second; the throttle-engine lag combination was 0.5 second. The

airplane response is plotted for SAS OFF and SAS ON. The response with SAS OFF

is a pitch attitude of 6 degrees maximum and angle of attack of 4 degrees maximum.

With SAS ON the airplane attitude change is less than 3 degrees for the time period

shown. No calculations were made for angle of attack with SAS ON.

7.6.3 Longitudinal and Lateral - Directional Handling Qualities (SAS OFF, Conven-

tional Flight, N-309 Aircraft

Minimum acceptable handling qualities in conventional flight are defined by

MIL-F-8785. Calculated lateral-directional and longitudinal characteristics for the

unaugmented N-309 aircraft in conventional flight are summarized in Figures 7-35

and 7-36. The results show the flying qualities of this configuration, with no augment-

ation, either exceed or closely approach all minimum requirements of this specifica-

tion. Handling characteristics defined by the ratio 6H/g_ also indicate little

probability of impending P. I. O. problems.

A SAS mechanization required to operate only in hover and transition presents

many implications. However, many factors such as transients during conversion and

uncertainties inherent in preliminary analytical representations must be carefully

examined before a decision can confidently resolve this question. Therefore, a more

conservative design providing augmentation of reaction controls and aerodynamic con-

trols applicable to hover and transition as well as conventional flight is the recom-

mended preliminary SAS design approach.
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7.6.4 SAS

The Stability Augmentation System (SAS) augments the stability of the basic

V/STOL aircraft in pitch, roll, and yaw. The augmentation required is defined by

the handling quality criteria of modified AGARD 408 for hover and transition and by

MIL-F-8785 for conventional flight. At low speeds the SAS primarily provides rate

feedback damping and a compensation network (see Figure 7-37). The SAS gain is

held constant from hover to Vco n and programmed as a function of dynamic pressure

between V and V A small amount of attitude signal compensation summedcon max.

with the rate feedback improves the overall system performance in hover and transi-

tion, as illustrated,by introducing a small margin of positive staticstability. The

result satisfiesAGARD 408 stabilitycriteria with less of a loss in responsiveness

from rate feedback damping. The component of attitude signal is obtained by

integrating the output of a body-rate gyro. This technique requires low frequency

filtering to limit the integration of sustained small body rates which occur in steady

turns. In the higher speed range between Vco n and Vma x, the basic body-rate feed-

back signal is modified by a lead compensation network programmed also as a

function of dynamic pressure.

Three prospective SAS vendors were considered for final selection. All

three have acceptable SAS experience. Two of these vendors have experience with

dual SAS and one with a triple redundant system.

Figure 7-38 presents the weight, size, and power summary for SAS as reported

by vendors. Vendor B proposed a repackaged A7A Stability Augmentation System,

Vendor C sent a description of the physical hardware to be used in the SAS. This

hardware was based on production programs for the F-111 and F-4 aircrafts.

As Figure 7-38 shows, Vendor B has some weight advantage over Vendor A

and Vendor C. However, a small weight advantage is not enough for final selection.

Cost, reliability, ground support requirements and interface with VSS are the items

for further consideration. For two systems, the total of the recurring and non-

recurring costs were considered. Since aircraft dynamics studies for SAS can be

shared with VSS, the combined VSS and SAS cost was significant in vendor evaluation.

From this consideration the triple redundant system was very attractive.

SAS hardware currently available from production for the L-T-V A-7A has

been selected from the Part H survey as best satisfying the SAS equipment of this

requirement. The weight shown is the estimated total installed weight and includes
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all associated plumbing, cables, and brackets. The estimated weight of SAS components

alone is 56.6 pounds.

DUAL 3-AXIS SAS

WEIGHT SUMMARY

Controller - Cockpit (2 Required}

Electronic Package

Servo Amplifier

Servo Motors

Gyros - Rate

Single Channel Servo Actuators (6 req. }

Solenoid shut-off valves (6 req. )

Trim mechanism

Supports & Brackets

Plumbing & Fluid

Electric Panels, Boxes, Switches, Relays, Wiring

Pulleys, Sprockets, Chains, Cables & Miscellaneous

6

16

7

26

9

5

15

34

TO TALS 118
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7.7 VSS ANALYTICAL STUDIES

VSS analytical efforts have been directed primarily toward several objectives:

1. To establish VSS Variability Requirements (range of VSS operation).

2. To establish performance criteria for the VSS. The aim is to state

performance requirements in terms of aircraft closed-loop dynamic

response. This requirement will reflect the dynamic accuracy

required of the closed-loop aircraft when performing 5-degree-of-

freedom model-following inflight simulations.

3. To analytically assess and evaluate the capability of a basic VSS

mechanization approach to satisfy the performance criteria of Item 1

above.

4. To initiate multiloop analysis.

7.7.1 VSS Variability Requirements

The approach undertaken in the study has been to examine VSS variability

requirements in terms of bounds placed on variations in the dimensional derivatives

appropriate to the VSS airplane-model motion equation. Variability information in

this form is needed for specifying VSS computer requirements. Also, these

variability studies constitute a preliminary step toward a specification needed to

analytically define precisely the types and variation of jet-lift aircraft dynamic

characteristics which VSS must accommodate. The realistic approach was taken

to specify upper and lower bounds on the dimensional derivatives. Type I)-1127 and

type CX6 airplanes were selected and for five speeds dimensional derivatives were

calculated. Figure 7-39 and Figure 7-40 list the longitudinal derivatives for these

two types of VTOL airplanes. Figure 7-39 lists derivatives for speeds V = 0 knots,

V = 50 knots, and V = 100 knots. Figure 7-40 lists for two speeds, V = 150 and

V = 180 knots. These dimensional derivatives were used to calculate the transfer

functions for hover and transition speeds. Both airplane dynamics were compared

with N309 dynamics. The result of this comparison is discussed in the following

section.
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I V= 0 KNOTSBody
Axes 1)1127 CX-6

I Mu .280 • 00 70

I M(v 0. - . 00468
Mw .280 .00 700

Me - •o8oo - . 0300

MO O. O.

I M6it O. O.

I MBy -4• 80
Zu 0. 0.

I Zw O• O•

ZO O. O.

I Z0 - . 0683 0.

i Z5 H 0.. O.

ZST - . 50

I Z6w O.

Xu - .0743 - .0268

I XCv .000414 .0000218

I Xw O. O.

XO O. O.

| :% - 558 - 562

X6H o• o.

I X6w o.

I X6T O.

V=50 KNOTS V=100 KNOTS

1)1127 CX-6

• 287

0.

• 0663

- . 278

0.

- . 662

-4.00

- . 0203

- . 173

1.45

- . 0683

- . 0581

- . 50

0.

- . 0783

• 000311

- . 0310

- . 1925

- . 558

• 00 766

0.

0.

.0153

- . 00468

- . 122

- . 0438

0.

-. 238

- . 0580

- . 196

1. 469

0.

- . 0325

- .0270

.0000218

.0154

- .103

- .562

- .00733

Pl127 CX-6

.247

O.

- .145

- .474

O.

-2.62

-3.20

- .04015

- .343

2.90

- .0683

- .230

- .50

O.

- .0690

•000307

- .0621

- .378

- .558

.0299

O.

O.

.0866

- •00468

- . 187

- . 0574

0.

- . 943

- .i18

- .385

2.921

O.

- .128

- .00960

.0000218

.0309

- .204

• 562

- .0290

FIGURE 7-39. ESTIMATED LONGITUDINAL DERIVATIVES

(VSS RANGE, 1)1127, CX6 TY1)E AIR1)LANES)
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V = 150 KNOTS V=180 KNOTS

Pl127 CX-6 Pl12 7 CX-6

• 210

0.

- . 360

- . 633

0.

-5.93

-2.40

- . 0739

- . 515

4.38

- . 0683

- . 522

- . 50

0.

- . 0580

• 000274

- . 0930

- . 507

- . 558

.0605

O.

O.

• 0750

- . 00468

- . 337

- .0513

0.

-2.14

- .176

- .578

4.38

- .0196

- .290

.0269

.0000327

•0660

- .461

- .562

- •0270

.167 .0400

0. - .00468

- .686 - .454

- .731 - .0495

0. 0.

-8.51 -3. 067

0.

- . 125 .209

- .616 - .693

5.24 5.23

- .0683 - .0392

- .748 - .418

0.

0.

- . 040O .0648

.000270 .0000435

- .094 .102

- . 599 - . 735

- . 558 - . 561

.0855 - . 0242

0.

.500

'FIGURE 7-40. ESTIMATED LONGITUDINAL DERIVATIVES

(VSS RANGE, P1127, CX-6, TYPE AIRPLANES)
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7.7.2 VSS Performance Criteria Study

The function of the VSS is to automatically control 5-degree-of-freedom

motion response of the basic aircraft in precise phase and amplitude correspondence

to electrical signals computed in the onboard reference model. This function

obviously implies the cancellation or removal, within a specified bandwidth, of

motions which arise from modes which are characteristic of the basic aircraft

itself. With all input compensations and with all feedback loops closed, the airplane

in VSS mode must be capable of reproducing a uniform motion amplitude response

to input voltage commands over a frequency bandwidth which includes the dynamics

of all types of aircraft for which the VSS is expected to perform quality simulation.

VSS variability requirements studies have been partially completed in the

study to establish preliminary estimates of VSS frequency bandwidth requirements.

The approach used has been to specify the required simulation performance of the

aircraft in VSS mode on the basis of a range of dynamic characteristics defined by

two extreme jet-lift aircraft types. In this manner, the required bandwidth of the

basic aircraft in VSS mode can be established by specifying an allowable degree-of-

accuracy in the reproduction of this range of dynamic characteristics.

The extreme types chosen for this purpose are the P-1127 type, representing

the high response, small, light jet-lift fighter, and the CX-6 type representing a

class of heavy, jet-lift transports of limited performance and maneuverability.

The frequency bandwidth of interest is defined by the denominator roots of

the lateral and longitudinal transfer functions of these extreme aircraft types. Loci

of computed denominator roots, over four flight speeds, for the longitudinal motions

are shown by Figure 7-41.

Loci of denominator roots of the N-309 basic aircraft showing the emergence

of conventional modes from hover through transition for longitudinal degrees-of-

freedom for comparison is shown in Figure 7-42. The lateral-directional degree

of freedom is shown in Figure 7-43.
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C¥6

FIGURE 7-41. LOCI OF LONGITUDINAL DENOMINATOR ROOTS OF

EXTREME V/STOL AIRCRAFT CHOSEN FOR STUDY

OF VSS BANDWIDTH REQUIREMENTS
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Using the information from Figure 7-41, it is possible to state the following

VSS requirement for simulation in the longitudinal degrees-of-freedom.

Forward Speed

(Knots)

Highest Frequency Mode In

Extreme Aircraft (rad/sec)

VSS Bandwidth

(rad/sec)

0 0.61 3.6

50 0.74 4.4

100 0.71 4.2

150 1.36 8.0

In the above table, the specified bandwidth is chosen to allow not more than 10

degrees of phase lag in the reproduction of the highest frequency mode in the extreme

aircraft. A second order upper frequency cutoff characteristics with a damping

ratio of 0.5 is needed to adequately define the bandwidth specified.

Further studies are needed to extend the same analysis to the lateral

motions.

7.7.3 VSS Mechanization Approach

Achievement of the high bandwidth VSS follower loops required will involve

careful application of the best high gain multiloop, cross-coupled synthesis tech-

niques. The VSS mechanization approach presently under study was selected to

best satisfy the basic performance criterion for this type of model following closed

loop system. The approach is based on the following basic concepts:

(a) Control or elimination of numerator dynamics in the basic aircraft

response will be approached by using feedback loops around the

basic airplane, cross coupled as needed between the six output

degrees of motion and the five control inputs available, to

essentially remove aerodynamic, inertial, and gyroscopic cross

coupling between the 5 VSS degrees-of-freedom. This synthesis

problem will definitely require closed-loop solutions as multiloop

vehicular systems.

(b) The denominator roots which reflect free dynamic modes of the

basic aircraft will be drawn by suitable feedback loops with

compensation, where possible, to frequencies past the cutoff of

the follower bandwidth. Low frequency denominator roots which

cannot be modified to this extent will be forced to gain-insensitive

7 -67



NORTHROP NORAIR

(c)

locations in stable regions of the left-half S-plane so that cancellation

by input compensation can be effectively applied. A technique which

introduces feedback zeros by adding together, attitude plus rate and

acceleration feedback signals, will be investigated as a means of

capturing and holding these low frequency denominator roots in

desired regions of the S-plane.

Full advantage will be made of a technique which provides effective

noise-free input lead compensation by using a correctly proportioned

summation of acceleration plus velocity plus attitude signals in form-

ing the voltage command for the VSS follower loop. The acceleration

command signal will augment the basic velocity match at high

frequencies. The correctly proportioned addition of displacement in

the command will match the low-gain attitude feedback signal and

augment the low frequency velocity response as well as add stiffness

to the overall system.

7.7.4 Multiloop Analysis Approach

The VSS is a multiloop feedback system. During this study an attempt was

made to reduce this system to a single loop, where a conventional analysis approach

could be made. The Lateral-Direction system with major feedback loops was analyzed.

Figure 7-44 shows multiloop block diagram with roll and yaw commands, and motion

crosscoupling. All transfer functions are open loop with all definitions listed. Fig-

ure 7-45 shows reduction of feedback loops from three to two. Two approaches are

taken. In one approach (top figure) the roll loop was closed with the roll-command

set to zero. In the other approach (bottom figure) the yaw loop was closed first, with

the yaw command set to zero. Figure 7-46 shows the reduction of two feedback loops

into one. The effect of crosscoupling shown as the Ar/B r transfer function for roll

feedback closed first (top figure), and as the Ay/By transfer function for yaw feedback

closed (below top figure). At the bottom of the figure are examples of the calculations

made for hover. A digital computer program was used to find the roots of the Ar/B r

and the Ay/By transfer functions. Ar/B r and Ay/By transfer functions in the single

loop analysis can be treated as cross coupling "compensation" in the VSS multiloop

analysis and its effect on stability, for example, could be found. A simple error

analysis then could establish maximum permissible errors in sensors and autopilot

equipment, to be used in the final VSS specifications.
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7.8 VSS VENDOR EVALUATION AND FINAL WEIGHT SUMMARY

Several vendors have expressed the desire to build the autopilot and the

associated equipment, but only two vendors have responded to the VSS data pack-

age with useful information. Most autopilot information was taken from experience

with airplanes such as the F-111B, A-7A, XV-4B, and F-4.

Without a detail autopilot specification, or without knowledge of airframe

dynamics and more definite control system descriptions, the vendors could only

respond on the basis of experience gained with other airplanes, and to make a gross

estimation of the autopilot.

General Electric anticipates that most of the autopilot functions can be imple-

mented in the digital computer. The main function then is to provide the actual servo

amplifier for the various actuators and the interfacing of the cockpit control force and

position sensors with the SAS and VSS functions.

Lear Siegler anticipates more complex autopilot functions with all safety

switches. In view of this approach, the Lear autopilot probably would require more

power.

Both vendors felt that any definite design statements could not be answered

prior to the first part of the design phase.

General Electric proposed the parallel hydraulic servo actuator specifically

designed for the F-111B application. This actuator has engagement features that can

be directly used in switching techniques between the safety pilot and the evaluation

pilot. The safety features designed for F-111B carrier landing are also usable for

the NASA V/STOL airplane.

Lear Siegler proposed three choices of approach to parallel actuators, all of

which are "off-the-shelf" items. One was a hydraulic actuator with a three way valve.

two others were electro-mechanical servos. Recommendation of a specific actuator

depends on additional information concerning response and load requirements.
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The summary of autopilot and associated equipment (VSS without computer,

radar altimeter, doppler, wind velocity sensor, and gyros) is presented in Figure 47

as proposed by these two vendors.

Figure 47 presents VSS and SAS subsystem summary. The data was taken

from vendor responses. Weight, volume and power are presented in the ranges to

indicate the variation existing between equipment and vendors. The table below lists

VSS weight intended for N-309 or MOD. T-39 installation.

VARIABLE STABILITY SYSTEM

DESCRIPTION

Pitot Boom and Mount

q Sensor
Angle of Attack and Sideslip Sensors
Aeroflex Sensors
Aeroflex Unit and Indicator

3 Axis Accelerometers - Angular
- Translation

Equipment

LB

14

3
5
7

15
2
1

Installation

LB

Attitude Gyro
Airborne Computer
Autopilot Unit
Cockpit Con+_rollers
Transducers
Parallel Actuators

Radar Altimeter - Rec/Xmitter
- Antennas

7
74
18

8
16
21
10

2

Doppler Radar - R-T Unit and Antenna
- Signal Converter

- Cockpit Controller (1)
- Mounting Rack

Provisions For Future Units
Installation - Electronic Units

- Se rvo/Mechanical

21

17
4

86

2
43
62

62

Total

LB

14

3

5

7

15

2

1

7

74

18

8

16

21

i0

2

21

17

4

2

129

62

62

Totals 331 169

Total Variable Stability System 500

i

i
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COMPUTER

VSS

(excluding Flight

Sensors, Computer
and Throttle and

Vector Controls)

SAS

(includes Rate,

Gyro Package)

WEIGHT VOLUME POWER

(LBS) (Ft 3 ) (WATTS)

57 to 74

65 to 75

50 to 173

FLIGHT SENSORS 16 to 20

(Category I)

FLIGHT SENSORS 74 to 101

( Category n )

VSS and SAS
262 to 443

TOTAL

VECTOR CONTROLS
15

THROTTLE CONTROLS

TOTALS 277 to 458

1.2to2.5

1.27 to 1.5

1.73to3.5

170 to 440

130 to 340

200 to 220

.2 to .23 18to22

2.18to3.38 450to750

6.58to11.1 968to1770

.3 180

6.88to11.4 1,150to 1,950

FIGURE 48. VSS AND SAS SUBSYSTEM SUMMARY

Showing Estimates of Values Per Airplane

7.9 CONCLUSIONS AND RECOMMENDATIONS

(1) Vendor's response to the VSS Data Package was favorable.

(2) Vendors, in general, agree with proposed concepts.

(3) Airborne digital computer was selected for VSS functions.

(4) Triple redundant system for SAS is a serious competitor to the dual system.

(5) Further VSS analytical studies are needed.

(6) SAS analysis should be extended.

(7) SAS and VSS study should be combined to investigate the possibility of

leaving SAS loop closed in VSS operation.
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(8) Further study is needed for final digital computer selection.

(9) The selection of doppler velocity sensor is pending further investigation.

(10) The need for radar altimeter depends on the type of doppler chosen for VSS.

(11) Radar altimeter selection should be based on descent velocity error, rather

than an altitude error.

(12) Extreme care is necessary for accurate simulation using the VSSD mode.
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HOVER REQUIREMENTS

LONGITUDINAL RESPONSE & DAMPING CHARACTERISTIC HOVER

Following holds for any allowable C.G. and the most critical combination of

weight and moment of enertia.

Response for first inch of control displacement from trim should be equal to or

greater than the response per inch of remaining travel.

Normal
conditions

After single
failure in
PCS or SAS

Longitudinal Response

Response for full
control input

(degs in first sec)

450

(W+I, 000) 1/3

270 1/3
(W+I, 000)

Response for first inch
of control displacement

(degs in first sec)

112.5 1/3
(W+l, 000)

Damping
lb ft / rad/sec

15(Iy)

67.5

(W+I, 000) 1/3

0.7

0.7

Directional Response

Normal
conditions

After a single
failure in a
PCS or SAS

(Degs in 1st Sec)
Full Control

Input

270 1/3
(W+l, 000)

270 1/3
(W+l, 000)

(Degs in 1st Sec)
First Inch
of control

90 1/3
(w+l, ooo)

Damping
lbff / rad/sec

27 (Iz)

9O
(W+I, 0o0) 1/3 14 (Iz)

0.7

0.7

I

I

I

I

I

I

I

I

!

I

!

I

I

I

I

I
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Normal
Conditions

After a single
failure in a
PCS or SAS

Lateral Response

(Degs in 1st Sec)
Full Control

600 z/3
(w+l, ooo)

600 1/3
(W+I, 000)

(Degs in 1st Sec)
Response for 1st
inch of control

200 1/3
(W+I, 000)

Damping
(lb ft / rad/sec)

25 (Ix_

200 z/3
(W+I, 000) z8 (Ix)

0.7

0.7

I

I

I

I

I

I

I

I

I

I

I

I

I

Above hover requirements are specified in order to ensure satisfactory control

power and sensitivity for maneuvering and to minimize the effects of external

disturbances.

TRANSITION CHARACTERISTICS

.

.

o

o

With aircraft trimmed in hovering flight, it should be possible to accelerate

rapidly and safely to VCON at approximately constant altitude. From trimmed

steady level unaccelerated flight at VCON it should be possible to decelerate

rapidly and safely at approximately constant altitude to stop and hover.

In accelerating and decelerating transition, control and response characteristics

of the aircraft should vary in a smooth manner throughout the transition maneuver.

At all forward speeds and loadings between hover and VCON longitudinal oscilla-

tion with controls fixed should e_ibit damping characteristic not less than that

given by the normal flight curve in Figure 71-1. To facilitate analysis of aircraft

dynamics, equivalent boundaries have been plotted in the complex plane (See

Figure 7I-2).

Lateral/diroctional oscillations should exhibit characteristics as indicated in

Figures 7I-1 and 71-2. Spiral stability should be positive for all normal flight

conditions up to VCON.

7-I-3
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FIGURE 71-i. AIRFRAME DYNAMIC STABILITY SPECIFICATION (CONTROLS FIXED)

TRANSITION REGION (All Forward Speeds From Hover to VCON).
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FIGURE 7I-2. AIRFRAME DYNAMIC STABILITY SPECIFICATION ( CONTROL FIXED )

TRANSITION REGION ( FREQ. DOMAIN )
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GENERAL REQUIREMENTS

HOVER & TRANSITION

.

.

following requirements apply to hovering and transition flight.

After a sudden rearwards longitudinal control input, sufficient to generate a

0.2 rad/sec pitch rate with 3 seconds, the time history of angular velocity should

become concave downward within 2 seconds following the start of the maneuver

and remain concave downward until the attainment of maximum angular velocity.

(See Figure 7I-3).

The instability of the basic aircraft should not be so great that during any longitu-

dinal maneuver within the design flight envelope the input of the stability augmenter

together with the pilot's input at any time leaves less that 50% of the nominal long-

itudinal control moment for recovery.

Basic lateral and directional instability should not be so great that in the sideslip

or side translations specified, the input of the stability augmenter system together

with the pilot's input, at any time leaves less than 50% of the nominal directional

and lateral control moment for recovery. (Specified sideslip or side translations

are those produced by full directional control with stability augmenter system in

operation).

CONVENTIONA L FLIGHT

CHARACTERISTICS

1. Longitudinal short period oscillatory characteristics should conform to the

specification boundaries of Figure 7I-4.

2. Lateral/directional oscillatory characteristics should conform to the specifica-

tion boundaries of Figure 7I-5.

7-I-6
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Desired: a)
b)
e)

* Single Subscript
Denotes Output of Position Control
Positive Control Cause Negative Moment

Type Symbol Description

Aero

NORTHROP NORAIR

Re action
Control

Engine
Control

5 H

5 R

5 A

5y

5 z

6 X

5 T

5 w

5 v

Horiz. Stabil. Defl.

Rudder Defl.

Aileron Defl.

Pitch Reaction Jet Nozzle

Yaw Reaction Jet Nozzle

Roll Reaction Jet Nozzle

Throttles

Vectoring of Nozzle (Pitch)

Vectoring of Nozzle (Roll)

Polarity Unit

Positive

Trail. Edge Down Deg
Positive

Trail. Edge Left Deg
Positive

Right Ail. Down Deg

Positive to Cause Increase

Down Exhaust Stream in Deg
Aft Nozzle
Positive to Cause Increase

Left Exhaust Stream in Aft Deg
Nozzle
Positive, to Cause Increase

Right Wing Exhaust Stream Deg
Down

Positive for Thrust Incr. Deg

Aft Defl. from Vert. Deg

Right Defl. from Vert. Deg

I

I
II

I
I

i
!
II
it

II
II

*Second subscript denotes a distinction between two variables, such as in case of lift

and lift/cruise throttle, 5 TL' 5 TC"

.--.- qr_ • _ " _-_

i_.... I....... i co_r_o- [-"i " _,c, I --q _,_1_,c_l

"_ =_-,,--7 ' I_ :57.-e-.... l ": "_ I

l _ '_ _ / L ..... _J |
, _ .- _

<L.___._>_'_7'L__ "i .___,_,_k-__J

L.' W
-:- L _ ': '

_'_... _.'._;_.?

-G4ts-_, •
_ "_ V -0

t,..),_' f.

E_#'/#;tu,_r" ..¢TNg_m .,D/PtfC..T/_.".'

FIGURE 7II-1. PROPOSED NOTATION FOR VTOL CONTROLS (BODY AXES)
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X,Y, Z

L, M, N

Ix, ly, Iz

m

%
5WL

5WC

P (P_

q (qg)

r

U

W

V

H

e

u

Ug, Vg

NORTHROP NORAIR

LIST OF SYMBOLS

Forces along respective body axes

Accelerations along respective body axes

Moments about the body X, Y, Z axes

Rotational acceleration about the body X, Y, Z axes

Moment of inertia about the respective body axes

aircraft mass .-. slug

Aero Dynamic control deflection to cause moment about X, Y, Z

Reaction control deflection about the three body axes

Thrust control deflection

Vector angle lift engines

Vector angie lift/cruise engines

Roll angular velocity (measured by rate gyros)

Pitch angular velocity (measured by rate gyro)

Yaw angular velocity (measured by rate gyro)

Forward component of velocity

Normal component of velocity

Side component of velocity

Angle of attack and angle of side slip

Absolute altitude

Pitch attitude

Roll attitude

Yaw attitude

Components of simulated gust velocity

Total forward velocity

Flight path angle

Forward and side velocity as measured by doppler ground velocities

7-II-3
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CONVERSION DYNAMICS CALCULATION

Digital computer programs were used to find the necessary transfer function

and time response for the airplane dur, ing conversion. Transfer functions to diverter

• A8 to " Awt° in
valve command were found for pitch, _ , and for normal velomty "--A-- by us g

the incremental moment, 5M o, and the incremental forces, 5Xo and AZ o, which were

created by the input of the diverter valve. Transfer _.f_ncti°ns to lift engines shut off
Ast2

and for normal velocity, --_2 by using the incrementalwere found for pitch, _, __

moment, _M 2, and the incremental forces AX 2, and AZ2, inputs which were created

by shut off of the lift engines. In order to get a single transfer function, each pair of
-2S

transfer functions were combined using two second delay, e . Time response of

8 and _ for stability augmenter system, SAS, OFF; and of 8 for SAS ON was found

using the Laplace Transform method.

a. INPUT DATA

t=___o, Diverter valve

AM o = 6, 750 ft- Ib

_X o= 3,870 ib

_Z o= 3, 5201b

t = 2 sec_ lift engines shut off

AM 2 = -23,400 ft-lb

AX 2 = -7,320 lb

AZ 2 = 10,270 Ib

b. Flight condition - V=180 Kn, W=18,000 lb clean, Basic Aero Data, see

Section 2.4.4.

c. Combination of transfer functions, step input, SAS OFF

e2SO(S)=s (0.05S+1) + (0.5S+1) A

__ 1 [ A0t O + A0t2e -2S]SA 0.05S+1 0.5S+1

_(s) 57.3 [Awto + Awt2 e -2sSU_ O. 05S+1 O. 5S+1

whe re:

S -

1
O. 05S+1

1
O. 5S+1

Laplace operator

Diverter valve lag

Lift engine lag

7-III-2
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I

I

I

I

I

I

I

I

I

I

B

Aeto -

Ast _ -

Awt ° -

Awt 2 -

-2S
e

57.3/u -

NORTHROP naA,Nun,_,R

Free A/F denominator

Theta numerator, diverter valve comma_

Theta numerator, left engine command

W numerator, divert valve command

w numerator lift engine command

2 sec. delay, See Figure 7-HI-1

1/5.28s

d. Combination of transfer functions, step input, SAS ON

SEE
FIGURE 7-III-2

-2S

Ae t2 e -2S
ACA0 A0to +

0 (s) - SSAc 0.05S+1 0.5S+1

where:

_C

A

C

A8

- Augm. A/F denominator. See Figure 7-III-3

- See definition in Figure 7-IH-3

l

I
I

I

I
I

I

Delay e

Thus:

can be approximated as

(S 2- ds+E) (S-F)

(S 2+ ds+E) (S+F)

Where:

For 2 Sec Delay
3.68

a = _ ; a=1.84
2

b = 0. 953 a; b = 1. 75352

c = 1.26 a; c=2.3184

d = 2 a; d =3.68

E = a 2 + b2; E = 6. 4604324

F = c; F=2.3184

-2S
e

S3 - 5.9984S 2 + 14.992144S - 14.97786645

S3 + 5.9984S 2 + 14.992144S + 14.97786645

FIGURE 7-III- 1

7-IH-3
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I _J _ DL..._._I- i_ -_-_ For 6H = 0 -stabilizer pilot
input

e _ Act {-ACAe}

6DV A A c

whe re:

A0t =

A0 --

A 0 =

A =

C =

B =

D =

_c =

_ =

Ae to or A e to See Figure 6.2

Free A/F Numerator to Stabilizer Input

-6. 01553 S2- 3.80334S - 0.183285

31.4

(0. 061) (3943.84) (5S+ 1)

S + 31.4--_Power Actuator Lag

S2 + 62.8S + 3943.84-*Servo Actuator Lag

ACA e + BDA-_AugmentedA/F Denominator

1.0034S 7 + 95.797S 6 + 6059.5S 5 + 132120. SA

+ 404930. S3 + 597940. S 2 + 47792. S + 9897.7

1.00339S A + 1.27759S 3 + 3.29688S 2 + 0.0947367S

+ 0.0687449

FIGURE 7-IH-3. SAS ON TRANSFER FUNCTION FOR DrVERTER
VALVE OR LIFT ENGINES INPUT
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List of total response functions for SAS OFF _ (s), 0 (s), and SAS ON e (s),

See Figure 7-HI-4.

Inverse Laplace of these response functions was found and the result was

plotted on Figure 7-IH-5, 7-IH-6, and 7-HI-7.

Figure 7-I_-5 shows airplane angle of attack, _ plotted vs time, for SAS

OFF. Figure 7-IH-6 and Figure 7-III-7 show airplane pitch attitude e,

plotted vs time. Figure 7-HI-6 shows airplane response for Stability Aug-

reenter System off and Figure 7-IH-7 for Stability Augmenter System ON.

To check the above results, step inputs were applied to diverter valve

only, without turning the lift engines off. Figure 7-III-8 shows angle of

attack response, SAS OFF. Figure 7-IH-9 shows the pitch angle response,

SAS ON.

SUA [0.05S+I

SAA c [0.05S+1

Up to 2-seconds, Figure 7-HI-8 is almost identical to Figure 7-III-5 and

Figure 7-IH-9 is very similar to Figure 7-HI-6, which means that the

approximation of the 2-second delay is good.

It should be noted, that Figure 7-KI-9 represents SAS ON response. Unlike

Attitude Hold mode, SAS was intended for stabilization of rate, and will not

hold airplane attitude alone without pilot inputs.

7-III-6
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FIGURE 7IH-5. CONVERSION DYNAMICSc_, SAS OFF
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FIGURE 7III-9. AIRPLANE RESPONSE TO DIVERT VALVE STEP INPUT _, SAS OFF
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8.0 RELIABILITY REQUIREMENTS

8.1 INITIAL RELIABILITY STUDIES

Primary subsystem reliability requirements for the V/STOL airplane will

be established as required to assure a predicted safety reliability of not less than

0o 999 for the 100 hour flight program. Safety reliability is the probability of exper-

iencing no crew fatality or injury as a result of equipment failure. The analysis

below assumes that 50 percent of the flight time is in the hover and transition modes.

Reliability estimates are therefore based on 50 hours of hover and transition flight.

Six basic subsystems have been considered to be prime contributors to

potential hazards in the hover and transition modes.

(1) Propulsion

(2) Flight Control (including hover attitude control)

(3) Electrical

(4) Fuel

(5) Landing Gear

(6) Hydraulic

For these subsystems, only those failure modes are considered which could

necessitate escape from the airplane. These systems are backed up by the escape

system for purposes of aircrew safety.

A reliability diagram for these critical subsystems is shown in Figure 8-1.

Personnel parachutes are considered as GFE and are not included in the escape

subsystem analysis.

8-1
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FIGURE 8. i RELIABILITY DIAGRAM - SAFETY CRITICAL EQUIPMENT
-. .

R 1 through R 6 represent the probabilities of no failure for the respective

subsystems which would require ejection in a single flight. R 7 is the probability of

successful ejection for each pilot in the event of such failure.

Safety reliability may then be computed as follows for a two-airplane flight

program.

k.

Probability of no failures requiring ejection in a single flight is thus:

p = R1R2R3R4R5R6

Probability of no failure requiring ejection in 400 flights is:

P(O) = [p]400

Probability of exactly one failure requiring ejection in 400 flights is:

P(1) = 400[p]399[1 - P]

Probability of exactly two failures requiring ejection in 400 flights is:

P(2) = 1 - 400[p]399 + 399[p]400

I
I

I
I
I

Safety reliability is then: I

P(S) = 1 - [P(1)] [i - R72] - [P(2)] [i - R74]

For the five configurations initially considered, Tables 8-1 and 8-2 summar-

ize the reliability estimates for the NASA flight test program for the composite and

pure lift modes. Since hover and transition are considered to be the highest risk

regimes, subsystem reliability levels adequate to assure achievement of the predicted

safety reliability level of 0.999 for the hover and transition mode will be considered

adequate for the entire program. Therefore, the reliability estimates are based on

I

I

I
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50 hours in the hover and transition mode. Subsystems other than propulsion were

considered essentially the same for the two configurations; therefore, only the

propulsion subsystem was listed separately. Estimates of probabilities that the

other critical subsystems will not fail in such a way as to necessitate ejection

during the test program are as follows. These probabilities account for redundancies

within the subsystems.

R 2 (Flight Control) = .99202

R 3 (Electrical) = .999992

R 4 (Fuel) = .99202

R 5 (Landing Gear) = .99960

R6 (Hydraulic) = .999975

CONFIG. Rp P
(o) P(1) P(2) P(S)

N-309 .99963 .98303 .01681 .00016 .99932

MOD. T-39A .99888 .98229 .01754 .00017 .99929

TABLE 8-1. RELIABILITY ESTIMATES - COMPOSITE MODE

CONFIG.

N-309

MOD. T-39A

TABLE 8-2•

Rp

• 99975

.99888

P(0)

•98315

.98229

P(1) P(2) P(S)

.01669 .00016 .99933

.01754 •00017 .99929

RELIABILITY ESTIMATES - DIRECT LIFT MODE

The following are definitions of the calculated parameters.

Rp

P(o)

= Probability of no propulsion failure requiring ejection during

the test program.

= Probability of no failure requiring ejection during the test

program.
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P(1)

P(2)

P(S)

= Probability of one failure requiring ejection (loss of one

aircraft).

= Probability of two failures requiring ejection (loss of two

aircraft).

= Safety reliability - probability of no fatality during the total

test program (assumes a 0.98 reliability of each ejection seat).

It can be seen that while differences do exist between the estimates of P(S)

for the two configurations, these differences are small enough that no significant

choice can be made on the basis of reliability alone. Both configurations considered

here exceed the 0.999 safety reliability (P(s)) established as acceptable.

The calculations make the following assumptions:

1. Failure of one engine may be tolerated.

2. Alternate landing gear release is present.

3. Subsystem failures other than those considered in the analysis may be

counteracted by flight abort.

4. Dual instruments are available for all required safety monitor functions.

5. Dual electrical and hydraulic systems are available.

6. The mean-time-between-failure of the engines is equal to 500 hours.

Using these assumptions, preliminary reliability prediction analysis perform-

ed indicate that the assigned subsystem reliability goals can be met by existing

state-of-art hardware.

The probability of successful ejection used in the analysis above is predicated

on independence from other failures. Specifically, attainment of this value depends

on the pilot not being subjected to excessive sink rates or rotational rates in the event

of failure of critical systems. This problem involves the flight control system

components; therefore fail-safe requirements must be specified in those areas where

failure could result in a hard-over condition of the controls.
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8.2 EQUIPMENT RELIABILITY REQUIREMENTS

The equipment reliability summary shown in Table 8-3 indicates the state of

development of each subsystem defined as safety critical (those whose failure could

result in the loss of an aircraft or personnel injury). The MTBF's listed as

V/STOL requirements are mean-time-between-failures that would result in loss of

the aircraft or personnel injury. These MTBF's are consistent with the reliabilities

developed in paragraph 8.1 to meet the overall safety reliability of 0. 999 established

as acceptable. For completeness, some equipment items are listed even though at

this time they are considered as non-critical; for example VSS failure would not

cause loss of the aircraft, assuming that the safety pilot can switch it out of the

system. This summary will be updated during the development phase to include

information not now available, and to include a more detailed subsystem breakdown

where applicable.

Reliability estimates for the two candidate configurations are summarized

below. These are based on the assumption that 50 percent of the NASA flight test

program (50 hours) will be spent in the hover and transition mode. Subsystems

other than propulsion were considered essentially the same for each configuration;

therefore, the only difference in reliability is due to the number of engines used.

These probabilities are for the entire 100 hour test program.

Rp

Configuration (Propulsion) P(0) P(1) P(2) P(S)

MOD. T-39A .99888 .98229 .01754 .00017 .99929

1_-309 . 99910 . 98249 . 01734 . 00017 . 99930

I

I

I

I

I

TABLE 8-3. RELIABILITY ESTIMATES

Rp

P(O)'P(1)'P(2)

PS

= Propulsion reliability (allows one engine out).

= Probability of zero, one or two failures requiring

ejection (loss of zero, one, or two aircraft).

= Safety reliability (no crew fatality as a result of

equipment failure).
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